ocrinology 

The  Bulletin  of  the 
Association  for  the  Study  of 

Internal  Secretions 

November-December,  1925 

THERMOGENESIS  AS  THE  FUNDAMENTAL  FUNCTION 
OF  THE  ADRENAL  MEDULLA  AND  CORTEX* 

CHARLES  E.  DE  M.  SAJOUS,  M.D.,  Sc.D.,  LL.D. 

Professor  of  Endocrinology,  University  of  Pennsylvania  Graduate 
School  of  Medicine 

PHILADELPHIA 

Despite  the  brilliant  researches  of  chemists,  physicists  and 
physiologists,  initiated  by  the  labors  of  Lavoisier  and  Laplace  in 
1780,  the  most  important  fundamental  problem  of  medical  sci¬ 
ence,  tissue  respiration,  is  still  admittedly  unsolved.  Indeed,  the 
casual  remark  of  an  editorial  writer  (1)  in  the  Journal  of  the 
American  Medical  Association,  in  1919,  that  “an  answer  to  the 
question  as  to  how  the  all-important  oxidations  in  the  body  are 
brought  about  is  almost  as  obscure  to-day  as  it  was  a  hundred 
years  ago”  tallies  well  with  Howell’s  declaration  in  1924  (2), 
that  “the  respiratory  history  of  oxygen  ceases  after  this  element 
reaches  the  tissues.”  The  deplorable  feature  entailed  is  the 
widespread  obscurity  that  it  perpetuates  in  medicine  as  a  whole. 
This  is  well  emphasized  by  Halliburton’s  (3)  statement  in  1921, 
that  “knowledge  of  tissue  respiration  is  so  scanty  that  we  can 
say  but  little  of  its  pathological  bearing.”  That  a  question  exer¬ 
cising  such  deep  influence  on  medical  progress  should  so  long 
have  resisted  the  painstaking  efforts  of  hundreds  of  investigators 
of  the  first  order  seems  pointedly  to  suggest  that  some  basic 

•Read  before  the  Association  for  the  Study  of  Internal  Secretions, 
held  at  Atlantic  City,  May  26,  1925. 
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factor  has  been  missing  all  along  to  deprive  their  labors  of  fruit¬ 
ful  results. 

Over  two  decades  ago,  and  repeatedly  since,  I  submitted  that 
this  missing  factor  is  the  secretion  of  the  adrenals.  My  purpose 
to-day  is  to  draw  your  attention  to  the  fact  that  this  interpreta¬ 
tion  has,  in  recent  yeai’s,  been  confirmed  independently  by  many 
physiologists,  pharmacologists  and  clinicians,  while,  on  the  other 
hand,  those  investigators  who  have  overlooked  the  connection 
between  the  respiratory  process  and  the  adrenals  have  been  un¬ 
able  to  indicate  any  fundamental  function  for  these  organs. 

Having  published  much  of  this  evidence  in  Endocrinology 
and  elsewlicre  (4),  I  shall  only  present  in  the  present  paper  a 
sufficient  summary  of  the  functional  connection  between  the  med- 
»  ullary  secretion,  the  respiratory  process  and  general  metabo¬ 
lism,  and  submit  that  the  adrenal  cortex  also  participates  in  the 
latter  process  in  conjunction  with  the  medullary  secretion. 

The  diffusion  doctrine  of  respiration,  I  may  recall,  has  been 
assailed  ever  since  1856,  when  various  prominent  physiologists, 
Paul  Bert,  Muller  and  Zuntz  and  others,  urged  that  when  the 
access  of  air  to  the  lungs,  in  strangulation,  for  instance,  was 
prevented,  the  pulmonary  blood  continued  to  exhaust  the  alveo¬ 
lar  air  of  all  its  oxygen.  Several  expeditions  to  high  altitudes, 
i.  e.,  to  highly  rarefied  air.  Pike’s  Peak,  Mt.  Everest,  etc.,  have 
sustained  these  obseiwations.  Again,  various  British  physiolo¬ 
gists,  Vaughn,  Lorrain  Smith  and  Haldane  (5),  and  particu¬ 
larly  Prof.  Bohr  (6),  of  Copenhagen  in  1891,  have  urged,  in 
order  to  explain  the  phenomena  witnessed  and  aerotonometric 
divergences,  the  need  of  some  substance  in  the  blood  which  could 
take  up  and  clutch  the  oxygen  from  alveolar  air.  They  all  failed, 
however,  to  identify  this  substance. 

In  190.3  (7)  I  submitted  that  the  substances  sought  by  Bohr 
and  his  school  was  the  secretion  of  the  adrenals;  that  it  took  up 
the  oxygen  from  the  pulmonary  air,  caused  expulsion  of  carbon 
dioxide,  and  that  it  sustained  respiration.  Among  the  facts 
which  had  led  me  to  this  conclusion  were  tests  which  emphasized 
the  marked  reducing  properties  of  adrenal  extractives  and, 
after  1901,  of  adrenalin,  and  also  their  influence  on  temperature, 
their  activity  as  oxidases,  the  obvious  course  of  the  adrenal 
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secretion  towards  the  lungs,  and  also  what  biochemical  and  clin¬ 
ical  data  the  literature  and  the  clinic  afforded  at  the  time. 

For  a  number  of  years,  due  mainly  to  the  confidence  which 
the  tonus  theory  of  Oliver  and  Schafer  had  inspired,  my  views 
were  neglected.  When,  however,  the  tonus  theory  was  appar¬ 
ently  controverted  by  physiologists,  the  strength  of  my  own  posi¬ 
tion  began  to  assert  itself.  Thus,  numerous  investigators  (enu¬ 
merated  in  the  grouped  bibliographical  list  appended  to  this 
paper)  (8),  found  independently  that  adrenalin  increased  the 
intake  of  oxygen,  the  output  of  carbon  dioxide  and  the  volume 
of  air  breathed,  and  that  it  was  secreted  by  the  adrenals  in  quan¬ 
tities  sufficient  to  produce  these  phenomena  and  also  to  raise 
the  temperature  and  respiratory  quotient. 

My  contentions  that  it  w'as  the  corpuscular  hemoglobin 
which  took  up  the  adrenal  product  and  that  it  became  on  ex¬ 
posure  to  the  alveolar  air,  oxyhemoglobin,  w'ere  likewise  con¬ 
firmed.  It  was  found  that  adrenalin  could  itself  act  as  hemo¬ 
globin  (9)  ;  that  it  increased  the  reducing  power  of  hemoglobin 
w'hile  passing  through  the  lungs:  that  venous  blood  from  the 
adrenal  veins,  when  diluted  with  salt  solution,  became  red  and 
showed  spectroscopically  increased  formation  of  hemoglobin, 
while  adrenalin  added  to  ordinary  venous  blood  was  found  to 
do  likewise  (10,  11). 

Further  indicating  an  intimate  connection  with  the  respira¬ 
tory  process  w’ere  the  observations  that  adrenalin  caused  dilata¬ 
tion  of  the  bronchioles  irrespective  of  any  rise  of  blood  pressure, 
thus  facilitating  the  entrance  of  air  into  the  alveoli  (12,  13), 
and  that  one-tenth  of  a  milligram  of  adrenalin  proved  sufficient 
to  increase  the  respiratory  excursions  of  the  lungs  (14). 

I  had  also  submitted  (15)  that  the  adrenal  product  I  had 
termed  “adrenoxin”  became  after  exposure  to  the  alveolar  air, 
a  catalytic  oxidase  I  termed  “  adrenoxidase,  ”  which  sustained 
tissue  respiration  and  metabolism.'  Recently,  R.  G.  Hoskins  (16) 
also  referred  to  adrenalin  as  a  “respiratory  catalyst,”  while 
Halliburton  (17)  recalled  that  blood  pigments,  such  as  hemo¬ 
globin,  partake  of  the  nature  of  ferments  which  have  a  catalytic 
action. 

The  personal  view,  that  adrenoxidase  carried  on  general 
metabolism,  in  so  far  as  the  part  played  by  oxygen  therein  was 
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concerued,  has  also  been  sustained  (18).  Adrenalin  was  found 
in  the  red  corpuscles  and  in  the  blood  (19,  20),  and  the  activity 
of  the  latter  as  an  oxidase  and  catalase  was  found  to  correspond 
with  its  content  in  red  eorpuscles  (21).  Adrenalin  was  also 
found  in  the  tissues  and  shown  to  accelerate  basal  metabolism 
after  raising  the  respiratory  quotient  (22),  while  adrenal  tumors 
(23)  and  grafts  (24)  were  found  to  raise  the  temperature  to  a 
dangerous  level  irrespective  of  any  infection.  In  doses  within 
the  quantities  secreted  by  the  adrenals,  adrenalin  proved  itself 
capable  of  increasing  both  heat  production  (25)  and  the  excre¬ 
tion  of  urea  (26). 

I  had  repeatedly,  beginning  with  1903,  attributed  to  an 
excess  of  adrenal  secretion,  the  production  of  fever  (27).  A 
similar  connection  was  recently  vouchsafed  by  Cannon  and 
Pereira  (28).  The  fact  that  adrenalin  materially  increases  the 
metabolic  activity  of  the  the  skeletal  muscle  was  recently  con¬ 
firmed  by  Hoskins  and  Durrant  (29).  Hoskins  and  Hunter  (30) 
also  found  that  a  suitable  solution  (1:100,000,000)  of  adrenalin 
caused  active  reaction  of  intestinal  segments.  The  clinical  im¬ 
portance  of  this  role  has  been  repeatedly  emphasized.  In  1903 
(31)  I  urged  that  the  serous  diarrhea  of  Asiatic  cholera  was  due 
to  advanced  failure  of  the  adrenals.  Naame  and  others  have 
since  found  in  Tunis  and  during  the  Balkan  War  that  large 
doses  of  adrenalin  were  very  efficient  in  this  disease.  In  a 
personal  case  of  serous  diarrhea  in  which  a  bowel  movement 
occurred  every  half-hour,  treatment  in  all  great  European  cen¬ 
ters  (the  patient  residing  in  London),  for  twenty-seven  years 
had  proven  futile.  Five  weeks’  use  of  adrenalin  aiTested  the 
disorder,  and  the  accompanying  adynamia,  hypothermia,  etc. 
The  brain  was  also  found  by  Caskey  and  Spencer  (32)  to  be 
influenced  in  the  same  manner  by  adrenalin,  the  amplitude  of 
the  temperature  change  and  the  changes  in  the  blood  pressure 
being  proportionate  to  the  amount  of  adrenalin  used,  provided 
the  latter  did  not  exceed  a  certain  limit. 

All  these  phenomena  have  been  attributed  by  some  authors 
to  mere  pharmacological  effects,  but  the  fact  that  the  oblitera¬ 
tion  of  adrenal  functions  provokes  opposite  effects  indicates  that 
such  is  not  the  case.  The  symptoms  of  Addison’s  disease,  due 
to  destruction  of  the  adrenals,  removal  of  these  organs,  pressure 
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on  their  nerves  or  vascular  supply  clearly  emphasize  this  fact. 
These  include,  for  example,  when  sufficient  time  is  allowed  for 
the  drainage  of  accessory  adrenals,  steady  decline  of  the  tem¬ 
perature,  prostration,  respiratory  inhibition,  air  hunger,  lowered 
output  of  CO,  and  of  O  intake,  decreased  heat  production, 
slowed  basal  metabolism  (33)  and  decreased  excretion  of  urea 
(34). 

When,  as  is  now  the  case,  experimental  demonstration  is 
accepted  as  the  sole  arbiter,  over  sixty  of  such  demonstrations, 
all  pointing  in  the  same  direction  such  as  the  above  summary 
represents,  speak  for  themselves.  Particularly  is  this  the  case 
when,  as  basis  of  comparison,  we  realize  that  the  labor  of  physi¬ 
ologists  who  have  overlooked  this  connection  have  yielded  either 
nothing  tangible  or  incidental  effects  which  can  all  be  traced 
back  to  the  fundamental  function  of  the  adrenals  on  tissue  res¬ 
piration  and  metabolism.  The  tonus  theory  of  Oliver  and 
Schafer  which  I  deem  sustained  when  the  functions  I  attribute 
to  the  adrenal  cortex  are  taken  into  account,  and  the  emergency 
theory  of  Cannon,  I  regard  as  such  incidental  manifestations  of 
this  fundamental  function. 

Reduced  to  its  simplest  expression,  the  role  of  the  medullary 
portion  of  the  adrenals  in  the  respiratory  process,  pulmonary 
and  cellular,  as  I  understand  it,  is  to  secrete  adrenoxin,  a  reduc¬ 
ing  proferment,  which,  on  reaching  the  pulmonary  alveoli,  takes 
up  oxygen  from  the  air  and  becomes,  through  this  process,  the 
oxidizing  enzyme  adrenoxidase.  As  such  and  as  a  component  of 
the  corpuscular  hemoglobin,  it  converts  the  latter  into  oxyhemo¬ 
globin  and  takes  part  as  such  in  general  metabolism.  Though 
itself  a  catalytic,  as  are  all  enzymes,  adrenoxidase  acquires, 
owing  to  the  presence  of  iron  and  manganese  in  the  hemoglobin, 
still  greater  catalytic  activity. 

What  are  the  functions  of  the  adrenal  cortex,  which  con¬ 
stitutes  nine-tenths  of  the  whole  gland? 

Practically  all  investigators  are  in  accord  that  the  adrenal 
cortex  is  an  important  structure,  judging  from  the  fatal  effects 
of  its  removal  unless  amply  supplemented  by  accessory  organs, 
as  in  the  rat,  its  influence  on  body  growth  and  on  the  develop¬ 
ment  of  the  secondary  sex  characters,  the  lesions  it  shows  in 
various  infections,  after  burns,  etc.  But,  again  do  we  encounter 
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dense  obscurity  when  we  attempt  to  learn  how  any  of  these 
phenomena  are  brought  about.  Thus,  it  is  well  known  that  the 
three  cortical  zones,  the  glomerular,  fasciculate  and  reticular, 
contain  lipoids:  lecithin  rich  in  phosphorus  (3.88  per  cent.)  as 
first  shown  by  Bernard  and  Bigart  in  1902,  and  Mulon  in  1903, 
and  of  cholesterol,  a  monatomic  alcohol,  containing  no  phos¬ 
phorus.  The  presence  of  these  lipoids  in  the  adrenal  cortex  has 
been  verified  by  many  observers.  As  to  the  role  of  these  sub¬ 
stances  in  the  tissues,  we  also  learn,  however,  from  a  leading 
authority,  Hugh  MacLean  (35)  that  “the  special  part  played  by 
the  lipoids  in  the  organism  is  entirely  unknown.” 

While  it  would  appear  that  we  are  dealing  with  a  very 
complex  problem,  the  fact  remains  that  when  the  role  of  the 
medullary  adrenal  product  is  recognized  as  the  dominant  factor 
of  tissue  respiration  a  flood  of  light  facilitates  the  study  of  the 
lipoids  and  their  functions  in  the  body  at  large.  We  shall  now 
briefly  consider  in  logical  sequence  the  various  phases  of  lipoid 
function  which  appear  to  me  elucidated. 

The  first  of  the.se  is  that  both  lecithin  and  cholesterol  are, 
like  oxygen,  found  in  all  tissues.  Thus,  as  stated  by  Linossier 
(36)  one  of  France’s  best  biochemists,  “the  lipoids  form  part  of 
all  living  substance”;  eytologists  specify  that  lecithin  and  cho¬ 
lesterol  are  ubiquitous  constituents  of  protoplasm.  This  applies 
as  well  to  nervous  tissue.  Two  decades  ago  (37),  I  WTOte  a 
100-page  histological  study  of  the  neuron  in  which  I  submitted 
that  in  the  presence  of  the  adrenal  oxidizing  enzyme  (adrenoxi- 
dase)  in  the  axis  cylinders  and  fibrils  we  were  afforded  not  only 
an  explanation  of  the  circulation  in  the  nerve  cell  (a  field  to 
which  Harvey  could  not  extend  his  epochal  investigations,  his¬ 
tology  being  unknown  in  his  time),  but  also  of  the  metabolism 
in  the  nerve  cell  as  regards  thermogenesis  therein. 

Is  the  lecithin-cholesterol-adrenoxidase  triad  not  also  con¬ 
cerned  with  general  tissue  respiration  and  metabolism? 

As  to  the  lecithin,  such  a  connection  has  long  been  noticed 
but  has  remained  unexplained.  Howell  (1924)  states  (38),  for 
example,  that  “it  evidently  plays  some  as  yet  unknown  part  in 
cell  metabolism.”  That  it  does  this  by  provoking  thermogenesis 
is  indicated  by  many  facts.  As  shown  by  Miescher  in  1866  and 
other  biochemists  since,  those  tissues  which  are  richest  in  phos- 
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phorus,  the  dominant  element  in  lecithin,  are  always  the  most 
active  functionally.  This  includes  the  nuclei  and  nucleoli  of 
animal  and  plant  cells,  ogg  yolk,  sperm,  roe,  nerves;  the  heart, 
where  it  is  termed  “cuorin,”  the  brain,  where  it  is  known  as 
“kephalin,”  owing  to  slight  variations  in  chemical  structure, 
etc.  As  stated  hy  MacLean  (39),  it  occurs  in  association  with 
the  cell  protein,  permeating  it,  as  stated  by  Mulon  (40),  much 
as  a  drop  of  oil  permeates  paper.  Its  tenacity  therein  is  so 
great,  according  to  Maj’er  and  Schaeffer  (41)  that  it  is  pre¬ 
served  even  during  extreme  emaciation. 

The  participation  of  lecithin  in  thermogenesis  is  also  indi¬ 
cated  by  many  facts.  Thus,  b.oth  Danilewsky  (42)  and  Serono 

(43)  found  that  small  doses  of  lecithin  sufficed  to  enhance  respi¬ 
ratory  efficiency.  That  this  is  due  to  oxidation  in  the  tissues  is 
explained  by  the  fact,  emphasized  by  biochemists,  that  all  phos- 
pholipoids  of  the  lecithin  class  are  extremely  sensitive  to  the 
action  of  oxygen.  “Unlike  ordinary  fats,”  as  stated  by  Bloor 

(44) ,  “they  are  among  the  most  reactive  substances  found  in 

living  beings.”  MacLean  (45),  referring  to  the  observations  of 
Thunberg  (46)  and  Warburg  (47),  states  that  “this  liability  of 
lecithin  to  oxidation”  .  .  .  ,  “is  much  increased  by  the 

presence  of  chemical  reagents  such  as  iron  salts.”  We  are  re¬ 
minded  here  of  the  increa-sed  catalytic  activity  that  the  iron  in 
hemoglobin  confers  on  adrenoxidase — another  link  for  the  par¬ 
ticipation  of  lecithin  in  the  respiratory  process.  Such  a  connec¬ 
tion  is  also  shown  by  the  fact  that  in  plants,  as  observed  by 
Palladin  and  Stanewitsch  (48),  the  respiratory  rpiotient  was 
materially  lowered  after  they  had  been  subjected  to  the  action 
of  lipoid  .solvents,  thus  destroying  their  lecithin.  Finally,  the 
oxidation  of  lipoids  has  been  found  by  Vernon  (49)  to  be  due 
to  an  oxidizing  enzyme  known  as  “tissue  oxygenase,”  a  term 
which  in  itself  betokens  its  unknown,  origin  and  which  evidently 
represents  my  adrenoxidase.  p 

The  phenomenal  influence  of  the  adrenal  cortex  on  growth 
when  it  is  the  seat  of  tumors  which  cause  a  great  increase  of  its 
cellular  elements,  hypernephroma  for  instance,  a  little  child  be¬ 
coming,  within  a  few  years,  transformed  physically  into  an 
adult,  finds  its  explanation  in  the  role  of  its  lecithin  in  oxida¬ 
tion.  In  the  embryo,  as  shown  by  Siwertzow  (50)  lecithin  is 
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present  in  relatively  large  quantities.  The  adrenal  cortex  is 
enormous  both  in  the  fetus  and  during  the  first  months  of  life. 
According  to  Elliott  and  Armour  (51),  it  contains  only  lecithin, 
no  cholesterol  being  present.  Lecithin  feeding  also  promotes 
growth  very  actively.  Frogs’  eggs  placed  in  water  containing 
.07  per  cent,  of  lecithin  gained  400  per  cent,  more  than  others 
placed  in  plain  water,  w'hile  embryos  fed  with  eggs,  the  yolk 
of  which  contains  lecithin,  grew’  from  67  to  81  per  cent,  faster 
than  the  controls.  These  observations  first  recorded  by  Dani- 
lewsky  (52)  were  confirmed  by  King  (53),  Johnson  (54),  and 
others,  who  also  found  that  in  pups  lecithin  promoted  growth, 
increased  the  brain  ma.ss,  the  animals  greatly  excelling  the  con¬ 
trols,  physically  and  psychically. 

Gudernatsch ’s  observation  that  giant  growth  of  tadpoles 
was  obtained  by  feeding  them  with  thymus  becomes  clear  when 
we  realize  that  the  nucleins  this  organ  contains  ow’e  their  activity 
to  lecithin.  Adler  (55)  caused  enormous  growth  of  tadpoles  by 
feeding  them  w’ith  adenoma  of  the  cortex.  The  influence  of  cor¬ 
tical  tumors  upon  phenomenal  development  of  the  secondary  sex 
characters  is  also  made  clear  when  we  recall  that  the  interstitial 
cells  in  the  testes  and  ovaries  are  composed  of  lecithin. 

Deficiency  of  the  adrenal  cortex  or  of  lecithin  produces  con¬ 
trary  etfects,  ranging  from  anencephaly  to  idiocy  and  dwarfism, 
general  atrophic  disorders  with  hypothermia,  low  vascular  ten¬ 
sion,  asthenia,  etc.  Biedl  (56)  in  1899  found  that  in  some  species 
of  fish  in  which  the  median  or  interrenal  body  is  entirely  com¬ 
posed  of  cortical  tissue,  removal  of  this  organ  cau.ses  death  within 
three  w’eeks  from  progressive  asthenia.  This  same  course  of 
events  occurs  in  mammals,  even,  as  observed  by  Elliott  and 
Armour  (57)  when  the  medulla  is  left  intact.  The  need  of  both 
the  adrenal  cortex  and  medulla  to  carry  on  oxidation  in  the 
tissues  is  shown,  however,  by  the  fact  that  destruction  of  the 
medulla,  in  the  absence  of  accessory  adrenals,  leads  to  death  wdth 
similar  lethal  phenomena. 

On  the  whole,  it  is  difficult  to  escape  the  conclusion,  even 
from  the  few  data  it  is  possible  to  submit  in  a  twenty-minute 
paper,  that  oxidation  of  the  lecithin-phosphorus  by  the  oxygen  of 
the  adrenoxidase  sustains  tissue  respiration. 

What  is  the  role  of  cholesterol  in  this  connection? 
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As  far  back  as  1866  Iloppe-Seyler  (58)  held  that  lecithin 
and  cholesterol  occur  in  every  animal  and  vegetable  cell,  a  fact, 
we  have  seen,  now  thoroughly  established.  There  exists,  how¬ 
ever,  considerable  confusion  concerning  the  role  of  cholesterol. 
Probably  the  most  misleading  of  the  functions  attributed  to  it 
in  recent  years  has  been  that  of  acting  as  an  antiseptic.  In  his 
elaborate  report  on  the  role  of  the  lipoids  in  infection  and  im¬ 
munity,  prepared  under  the  auspices  of  the  19th  French  Con¬ 
gress  of  Medicine  of  1920,  the  late  Prof.  Linossier,  of  Lyons 
(59),  showed  conclusively  that,  quoting  his  own  words,  “the 
general  antitoxic  role  of  cholesterol  is  purely  a  product  of  the 
mind.”  lie  recalls,  however,  that  while  phospholipoids,  which 
include  lecithin,  render  the  red  corpuscles  vulnerable  to  the 
hemolytic  effects  of  venoms,  cholesterol  protects  these  corpuscles 
against  this  action,  as  well  as  against  that  of  certain  other  hemo- 
Ijdie  agents.  We  clinicians  can  add  evidence  to  these  experi¬ 
mental  truths,  for  in  pernicious  anemia,  cancer  and  other  dis¬ 
eases  in  which  hemolysis  is  evident,  one  of  our  sheet  anchors  is 
cholesterol.  Briefly,  the  laboratory  and  the  clinic  indicate 
clearly  that  cholesterol  acts  in  the  body  as  an  antihemolytic. 

IiKiuiry  as  to  how  this  process  is  carried  out,  however,  again 
reveals  deep  obscurity.  But  once  more  do  we  find  the  explana¬ 
tion  in  the  thermogenic  process  I  have  submitted,  i.  e.,  that  due 
to  the  oxidation  of  lecithin  by  adrenoxidase.  This  necessitates, 
however,  as  a  preliminary  to  this  explanation,  an  idea  of  the 
purpose  of  the  heat  energy  liberated  during  this  process. 

Besides  the  lipoids  found  in  all  cells,  these  also  contain 
enzymes.  In  the  words  of  Mendel  (69),  “enzymes  are  no  longer 
thought  of  exclusively  as  agents  of  the  digestive  apparatus ;  they 
enter  everywhere  into  the  manifold  activities  of  cells  in  every 
feature  of  metabolism.”  This  applies  as  well  to  plant  physi¬ 
ology,  “all  known  proteolytic  enzymes  in  plants,”  as  stated  by 
Vines  (61),  “being  tryptic.”  It  is  here  that  the  heat  energy 
liberated  by  the  oxidizing  action  of  adrenoxidase  on  the  phos¬ 
phorus  of  lecithin  fulfills  its  role,  for,  as  is  well  known,  the 
activity  of  a  given  enzyme  is  proportionate  up  to  a  certain  limit, 
to  the  heat  energy  to  which  it  is  subjected.  Trypsin,  one  of  the 
several  enzymes  present  in  the  tissue  cells,  for  example,  stands 
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heat  in  the  laboratory  up  to  about  104°  F.,  and  in  the  body  a 
somewhat  higher  temperature. 

Fever  is  the  expression  of  the  increased  liberation  of  heat 
by  the  adrenoxidase-leeithin  reaction,  from  my  viewpoint,  the 
purpose  of  which  is  to  augment  the  digestive  or  proteolytic 
activity  of  the  cellular  trypsin  to  enable  it  to  destroy  by  hydroly¬ 
sis  bacteria  and  their  toxins,  toxic  wastes,  etc.  When  this  de¬ 
fensive  process  becomes  too  active,  as  in  the  liver  for  instance, 
where  the  temperature  may  reach  106°  F.,  or  where  the  quan¬ 
titative  or  qualitative  detritus  accumulates,  as  in  cancer,  the 
exogenoiis  or  endogenous  pathogenic  factors  are  not  alone  de¬ 
stroyed  in  the  process :  the  red  corpuscles,  which  also  contain  both 
lecithin  and  cholesterol,  as  we  shall  see,  likewise  yield  to  it,  being 
digested  by  the  enzymes  as  if  they  were  themselves  pathogenic. 
Briefly,  they  undergo  hemolysis. 

The  need  of  an  antihemolytie  to  prevent  wholesale  destruc¬ 
tion  of  the  red  corpuscles  and,  I  might  add,  of  the  tissues  them¬ 
selves,  i.  e.,  autolysis,  thus  asserts  itself.  As  previously  stated, 
this  is  the  function  of  cholesterol.  It  follows  also  from  what  has 
already  been  said,  that  cholesterol  fulfills  this  all-important  role 
by  moderating  or  restraining  the  thermogenic  activity  of  leci¬ 
thin.  It  is  an  antihemolytie  and  antiautolytic. 

I  said  “all-important”  because  we  are  dealing  here  with 
one  of  the  cardinal  auto-defensive  functions  which,  neglected  as 
it  is,  even  though  I  (62)  have  repeatedly  called  attention  to  it, 
entails  the  loss  of  many  lives  in  cardiac,  pulmonary  and  other 
diseases,  owing  to  the  autolytic  activity  of  proteolytic  cellular 
trypsin  W’hen  subjected  to  exces.sive  thermogenesis.  The  pro¬ 
tective  influence  of  cholesterol  in  this  connection  may  be  illus¬ 
trated  by  various  experimental  facts.  Thus,  hemolysis,  readily 
produced  by  saponin,  is  prevented  by  injections  of  cholesterol, 
as  shown  by  Kurt  Meyer  (63)  and  Mayer  and  Schaeffer  and 
Terroine  (64).  Even  wdien  given  orally,  though  most  active 
subcutaneously,  it  is  very  beneficial  in  the  secondary  anemias  as 
observed  by  Loeper,  Farvy  and  Debray  (65). 

Pulmonary  cavities,  as  I  have  long  urged,  are  due  to  tissue 
autolysis.  Linossier  (66)  has  observed  in  this  disease  acute 
exacerbations  of  cholesteremia  coinciding  with  the  acute  febrile 
exacerbations — an  effort  of  Nature  to  prevent  autolj'sis  of  the 
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pulmonary  tissues.  In  acute  infections,  a  low  cholesterol  value 
is  the  rule  during  the  febrile  period  following  approximately, 
according  to  Chauffard,  Laroche  and  Grigaut  (67)  the  tempera¬ 
ture  curve.  When,  however,  defervescence  occurs,  the  blood 
cholesterol  and  the  temperature  curves  run  in  inverse  directions. 
The  cholesterol  value  recedes,  from  my  viewpoint,  because  it  is 
no  longer  needed  to  curb  any  excess  of  thermogenic  activity 
which  the  lecithin  may  evoke  and  thus  endanger  the  blood  ele¬ 
ments  and  the  tissues  themselves. 

I  could  submit  many  pages  of  such  evidence,  all  clearly  sus¬ 
taining  my  opinion  that  cholesterol  owes  its  established  property 
as  an  antihemolytie  to  its  inhibitory  action  on  the  thermogenic 
function  of  oxidized  lecithin.  It  is  as  such  the  systemic  anti¬ 
thermic. 

As  indicated  by  adrenals  obtained  from  accident  cases,  these 
organs,  according  to  Laroche  and  Grigaut  (68),  are  the  richest 
of  the  body  in  cholesterol.  Their  content  in  this  lipoid  varies 
greatly,  however,  under  various  influences,  exertion,  disease,  the 
amount  and  kind  of  food  ingested,  etc.  This  applies  also  to  its 
relative  proportion  to  the  lecithin  content.  Thus,  in  the  horse, 
as  observed  by  Mayer,  Mulon  and  Schaeffer  (69),  cholesterol 
was  found  in  excess  in  the  cortex  when  it  was  enlarged  or  hyper¬ 
trophied,  while  a  thin  cortex  showed  a  greater  abundance  of 
lecithin.  These  and  many  other  facts  have  demonstrated  that 
both  lecithin  and  cholesterol  fluctuate  in  the  adrenal  cortex,  and 
that  it  constitutes  a  temporary  storehouse  for  these  lipoids,  car¬ 
ried  thereto,  as  personal  studies  have  indicated,  by  leucocytes. 
At  present,  cholesterol  is  attracting  the  greatest  attention,  almost 
to  the  exclusion  of  lecithin,  but. the  histological  characteristics 
of  both  lipoids,  and  the  doubly  refractive  index  of  cholesterol 
clearly  indicate  that  both  the  latter  and  lecithin  are  present. 

As  to  their  identity  as  secretory  products  of  the  adrenals, 
Manasse  (70)  found  large  quantities  of  lecithin  in  the  blood  of 
the  adrenal  veins  soon  after  birth;  Ciaccio  (71)  identifled  the 
lecithin  by  its  specific  stains  in  the  adrenal  veins  also  of  older 
animals.  Mulon  (72)  described  the  lecithin  he  found  in  the 
same  veins  as  a  “lecithalbumin.”  Cholesterol  was  likewise  found 
in  the  adrenal  veins  by  Gottschau  (73),  Biedl  (74)  and  others, 
in  the  form  of  its  typical  refractive  granules,  Mulon  and  Porak 
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(75)  describing  them  as  glia  like  cells;  while  Porak  and  Quin- 
quaud  (76)  found  the  proportion  of  cholesterol  much  greater  in 
these  veins  than  in  the  blood,  arterial  or  venous,  of  any  other 
vessel  examined  by  them.  The  presence  of  the  medullary  secre¬ 
tion,  my  adrenoxidase,  as  represented  by  its  familiar  active  prin¬ 
ciple,  adrenalin,  is  too  well  known  to  require  emphasis. 

The  three  products  of  the  adrenals,  lecithin,  cholesterol  and 
adrenoxidase,  are  thus  secreted  into  the  adrenal  veins.  How  do 
they  reach  the  tissue  cells  in  which,  we  have  seen,  they  are  to 
be  found?  If  it  is  true,  as  Gley  (77)  writes,  that  adrenalin  can¬ 
not  be  found  in  the  blood  of  the  inferior  vena  cava  towards 
which  that  of  the  adrenal  vein  flows,  another  course  must  exist 
as  intermediary  between  the  adrenals  and  the  tissues  at  lai*ge. 
This  function  appears  to  me  to  be  carried  out  by  the  red  cor¬ 
puscles. 

A  cardinal  fact  in  this  connection  is  the  enormous  volume 
of  blood  which  constantly  passes  through  the  adrenals.  Enter¬ 
ing  by  way  of  the  many  vessels  which  pierce  their  capsule,  six 
times  the  weight  of  these  organs  in  blood  pa.sses  through  them 
each  minute.  This  means  that  the  thirteen  pounds  (6500  grams) 
of  blood  which  an  average  human  body  contains,  course  through 
their  cellular  columns,  cortical  and  medullary,  every  two  hours. 
This  accounts  for  the  kaleidoscopic  changes  which  the  cortex 
may  undergo  under  various  influences,  including  the  amount  of 
food  ingested,  as  we  have  seen.  What  is  the  purpose  of  this 
phenomenon  ? 

Every  up-to-date  text-book  of  phj'siology  calls  attention  to 
the  fact  that  besides  hemoglobin,  the  red  corpuscles  contain 
lecithin  and  cholesterol.  Under  the  ultramicroscope,  the  cobweb- 
like  stroma  of  the  corpuscles  may  be  seen  to  contain  luminous 
dancing  balls,  their  cholesterol,  while  the  lecithin  occurs  also  as 
bright,  but  less  luminous,  droplets.  They  are  closely  merged 
(probably  to  protect  the  lecithin  from  the  oxygen  of  the  oxy¬ 
hemoglobin)  with  the  cholesterol,  their  normal  condition  in  the 
corpuscles  being,  in  the  words  of  Hattery  (78),  that  “of  a  col¬ 
loid  of  cholesterol  in  swollen  lecithin,”  though  easily  separated 
by  a  strong  saline  .solution. 

The  role  of  these  lipoids  in  the  red  corpuscles  has  not  only 
remained  unknown,  but  their  presence  therein  has  elicited  sur- 


SAJOUS 


453 


prise.  This  function  suggests  itself  in  the  light  of  the  data  sub¬ 
mitted.  As  is  well  known,  these  corpuscles,  after  emerging  from 
the  bone  marrow,  are  active  from  two  to  four  weeks,  or  longer 
according  to  some  observers.  Their  thermogenic  agents,  if  se¬ 
creted,  must,  therefore,  be  renewed  periodically.  This  function, 
from  my  viewpoint,  is  carried  out  by  the  adrenals.  In  other 
words,  the  adrenals  synthetize  the  adrenoxin,  lecithin  and  cho¬ 
lesterol;  the  red  corpuscles  while  passing  through  them  appro¬ 
priate  these  thermogenic  agents,  and  after  passing  through  the 
lungs  to  have  their  adrenoxin  take  up  oxygen  from  the  air,  pro¬ 
ceed  to  the  tissue  cells. 

It  now  becomes  a  question  whether  the  red  corpuscles  actu¬ 
ally  supply  their  thermogenic  pabula  to  the  tissue  cells.  The 
limits  of  this  paper  do  not,  unfortunately,  permit  the  presenta¬ 
tion  of  histological  and  biochemical  details,  but  ample  evidence 
exists  to  the  effect  that  the  three  secretory  products  of  the 
adrenals  are  secreted  by  the  red  corpuscles  into  the  blood  as 
needed  in  the  form  of  droplets,  the  familiar  blood-platelets. 

As  the  red  corpuscles  do  not  penetrate  to  the  tissue  cells, 
while,  as  we  have  seen,  these  cells  contain  the  same  thermogenic 
constituents  as  the  red  corpuscles,  we  can  only  infer,  until  direct 
evidence  is  available,  that  the  corpuscles  secrete  the  blood  plate¬ 
lets  containing  these  three  agents  into  the  plasma  of  the  capil¬ 
laries,  and  then  reach  the  tissue  cells  by  way  of  their  intercellular 
spaces.  We  are  thus  afforded  a  chain  of  structures  in  physiolog¬ 
ical  sequence,  the  adrenals,  the  red  corpuscles,  the  blood  platelets 
and  the  tissue  cells,  which  all  contain  the  same  thermogenic 
agents,  with  the  adrenals  (as  synthetic  organs)  acting  as  source 
of  supply. 

It  might  appear  from  the  foregoing  data  that  the  thyroid 
pla.vs  no  role  in  the  thermogenic  process.  In  truth,  its  function 
is  as  important  as  any  described,  but  lack  of  space  permits  only 
the  statement  here,  also  based  on  a  comprehensive  study,  that 
the  secretion  of  the  thyroid  gland  is  the  antagonist  of  cholesterol 
in  ihermogenesis ;  it  increases,  the  lability  or  sensitweness  of  the 
lecithin  phosphorus  to  oxidation,  and  thus  enhances  thermo- 
genesis  correspondingly. 

Finally,  it  might  be  held  that  this  interpretation  of  thermo¬ 
genesis  entails  the  sacrifice  of  the  vast  amount  of  research. 
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other  than  endocrinological,  on  tissue  respiration,  oxidation  and 
metabolism  of  over  a  century.  All  this  work  seems  utterly 
wasted  and  sterile ;  but  this  is  only  because  it  lacked  the  founda¬ 
tion  which  the  interpretation  I  have  submitted  supplies.  Once 
this  is  fully  developed  by  cooperation,  and  adjusted  to  the  pres¬ 
ent  knowledge  of  tissue  respiration  and  metabolism,  the  labors 
of  the  past  will  appear  in  their  true  light — one  which  will  give 
clinicians  a  far  better  understanding  of  the  pathogenesis  of 
disease,  a  sine  qua  non  of  scientific  therapeutics. 
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INFLUENCE  OF  METABOLIC,  ENDOCRINE  AND  NERV¬ 
OUS  FACTORS  ON  THE  ACTION  OF  INSULIN 

B.  A.  HOUSSAY 

Institute  of  Physiology,  Faculty  of  Medicine 
BUENOS  AIRES 

Insulin  produces  the  disappearance  of  blood  sugar  in  a  way 
not  yet  W'ell  known.  It  brings  about  hypoglj’^cemia  (period  of 
descent).  Mechanisms  that  regulate  the  blood-sugar  content  are 
brought  into  action  by  this  state,  diminishing  or  stopping  the 
descent ;  the  blood-sugar  level  remains  low  with  small  variations 
in  either  direction.  At  a  later  stage  (period  of  recovery)  these 
mechanisms  predominate  and  the  glycemia  rises  to  a  normal 
level,  or  a  little  above,  and  after  a  few  oscillations  the  normal 
state  is  recovered.  ^ 

The  usual  factors  regulating  carbohydrate  metabolism  are 
responsible  for  these  reactions ;  the  intenseness  of  their  manifes¬ 
tations  is  due  to  the  unusual  degree  of  hypoglycemia. 

LIVER 

If  rabbits  are  deprived  of  their  glycogen  reserves  by  pre¬ 
vious  treatment  with  adrenalin  or  phlorhizin  or  through  fasting, 
insulin  produces  greater  and  more  prolonged  descent  of  blood 
sugar  than  in  normal  controls  (McCormick,  Macleod,  Noble  and 
O’Brien,  1923).  This  fact  has  been  repeatedly  observed. 

Hypoglycemia  is  produced  in  dogs  whose  liver  has  been 
removed,  but  recovery  is  not  observed,  and  is  very  slow  when 
onlj--  a  part  of  the  liver  remains  (Mann  and  Magath,  1923).  In 
a  dog  with  an  Eck  fistula,  hypoglycemia  was  produced  as  in 
normal  dogs,  hut  recovery  was  not  complete  for  a  longer  time 
than  usual  (Houssay,  Sordelli  and  Mazzocco,  1923). 

A  decrease  in  the  glycogen  content  of  the  liver  has  regu¬ 
larly  been  found  after  insulin  action,  and  is  often  followed  by 
an  increase  during  the  recovery  period.  Possibly  it  is  trans¬ 
formed  into  glucose  by  nervous  and  humoral  mechanisms  that 
will  be  studied  later. 

Insulin  increases  the  glycogen  content  of  diabetic  animals. 
In  pigeons  fed  on  diets  deprived  of  B  factor,  a  similar  increase 
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in  the  content  of  the  liver  and  muscles  has  been  observed  (Bickel 
and  Collazo,  1923).  It  is  not  yet  clear  whether  in  normal  ani¬ 
mals  insulin  increases  the  glycogen  formation  or  not. 

INFLUENCE  OF  DIET 

The  effect  of  fasting  has  already  been  mentioned.  Bickel 
and  Collazo  (1923)  and  Bickel  (1924)  have  found  that  pigeons 
suffering  from  lack  of  vitamin  B  improve  when  treated  with 
insulin.  They  believe  there  was  a  functional  insufficiency  of 
the  islands  of  Langcrhans  in  their  animals. 

Houssay,  Sordelli  and  Mazzoceo  (1923)  observed  rats  from 
two  different  stocks.  One  of  these  presented  a  poor  aspect,  thin 
hair  and  freciuent  atrophy  of  the  eyeball.  They  were  very  sensi¬ 
tive  to  adrenalectomy  and  resisted  high  doses  of  insulin.  Rats 
from  the  second  stock  were  in  apparently  good  condition,  having 
thick,  silky  coats  and  clear  eyes.  Adrenalectomy  produced  only 
a  small  mortality,  yet  their  sensitiveness  to  insulin  was  consid¬ 
erably  higher  than  in  the  first  series.  Both  received  as  their 
staple  food  bread  and  milk  (the  milk  coming  from  different 
dairies).  A  number  of  rats  from  the  first  stock  were  kept  with 
those  of  the  second  during  forty  days  and  so  acquired  the  same 
fine  aspect  and  increased  their  sensitiveness  to  insulin.  By  add¬ 
ing  butter  and  cod  liver  oil  to  the  diet  of  the  first  stock,  unfavor¬ 
able  symptoms  disappeared.  It  was  supposed  that  they  had 
lacked  in  vitamin  A.  (Lewis,  1923). 

The  alkaline  reserve  has  a  certain  influence  on  insulin 
effects.  Rabbits  fed  with  green  vegetables  (cabbages,  alfalfa, 
hay,  turnip),  giving  alkalies  and  increasing  the  alkaline  reserve, 
have  lower  glycemias  and  more  intense  symptoms  than  those 
fed  with  acid  producing  diets  (oats,  bread)  that  lower  the  alka¬ 
line  reserve  (Page,  1923;  Blatherwick,  Long,  Bell,  Maxwell 
and  Hill,  1924;  Abderhalden  and  Wertheimer,  1924-1925). 
Ergotamine  does  not  abolish  this  increased  sensitiveness  (Ab¬ 
derhalden  and  Wertheimer).  Burn  and  Marks  (1925)  have 
noticed  that  in  rabbits  there  is  usually  an  inverse  ratio  between 
sensitiveness  to  insulin  and  to  adrenalin.  Rats  on  diets  with  little 
or  no  carbohydrate  are  more  resistant  to  insulin,  having  fewer 
convulsive  symptoms,  less  marked  hypoglycemia  and  smaller 
CO,  output.  They  respond  more  readily  to  adrenalin  than 
normal  controls  (Abderhalden  and  Wertheimer). 
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THYROIDS 

The  part  played  by  this  gland  has  been  studied  by  observing 
insulin  effects  in  thyroidectomized  animals  or  after  administra¬ 
tion  of  thyroid  tissue. 

Bodansky  (1923)  found  that  simultaneous  or  previous  in¬ 
travenous  injection  of  thyroxin  does  not  affect  hypoglycemia 
produced  by  insulin  in  sheep,  but  recovery  is  retarded.  If  given 
towards  the  end  of  the  hypoglj'cemic  state  it  brings  about  a 
pronounced  hyperglycemia.  These  results  could  be  due  to  the 
fact  that  thyroxin  stimulates  glycogenolysis.  In  the  first  case 
insulin  is  given  to  an  animal  whose  glycogen  reserves  have  been 
diminished  by  thyroxin.  In  the  second  thyroxin  rapidly  mobil¬ 
izes  glycogen  and  so  increases  the  blood  sugar. 

Burn  (1923)  saw  no  modification  of  insulin  effect  through 
simultaneous  injection  of  thyroid  extract. 

]\Iagenta  and  Biassotti  (1923)  observed  a  slightly  less 
marked  hypoglycemia  in  dogs  injected  with  fresh  thyroid  extract 
one  hour  after  in.sulin  had  been  given. 

Rats  fed  with  thyroids  are  more  resistant  to  insulin  than 
normal  controls;  thyroidectomized  rats  give  the  same  results 
in  a  lessor  degree  (Iloussay  and  Busso,  1924).  Thyroid  feeding 
in  rabbits  increases  resistance  to  insulin  and  lowers  resistance  to 
adrenalin,  always  so  that  no  impairment  of  glycogen  reserves  is 
produced.  Prolonged  thyroid  feeding  diminishes  the  glycogen 
content  of  the  liver  and  so  increases  sensitiveness  to  insulin  and 
diminishes  it  to  adrenalin  (Burn  and  Marks,  1925). 

Thyroid  insufficiency  has  a  marked  effect  on  insulin  action. 
Thyroidectomy  considerably  increases  sensitiveness;  hjT)oglyce- 
mia  is  established  more  rapidly,  is  often  more  intense  and  al¬ 
ways  lasts  longer  in  controls.  These  facts  were  observed  at  the 
same  time  by  Ducheneau  (1923)  and  Bodansky  and  have  been 
studied  in  Ihe  following  species:  rabbits  (Ducheneau,  1923; 
Burn  and  Marks,  1924-1925)  ;  sheep  (Bodansky,  1923-24-25)  ; 
guinea-pigs  (Iloussay  and  Busso,  1924;  Houssay  and  Cisneros, 
1925).  Symptoms  are  more  intense  and  death  is  produced  by 
smaller  doses  in  thyroidectomized  animals,  though  sometimes 
the  glycemic  level  is  no  lower  than  in  the  controls,  as  has  been 
seen  in  rabbits  (Ducheneau)  and  rats  (Houssay  and  Busso, 
Houssay  and  Cisneros).  After  thyroidectomy  the  sensitiveness 
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to  insulin  in  a  given  animal  increases,  especially  if  previously 
it  was  relatively  resistant  (Brown  and  Marks). 

Several  possibilities  can  explain  the  facts  observed.  As 
thyroideetomized  animals  have  a  high  glucose  tolerance,  it  could 
be  supposed  that  after  insulin  they  fix  or  transform  the  blood 
sugar  more  readily  than  normal  animals.  Retarded  recovery 
would  be  due  to  a  slower  reaction  in  the  inverse  direction.  Not 
knowing  into  what  compound  glucose  is  transformed  by  the  ac¬ 
tion  of  insulin,  it  is  not  easy  to  verify  this  hypothesis  since  no 
quantitative  determinations  can  be  made.  Glycogen  is  the  only 
known  substance  that  can  be  measured  in  this  respect  and  it  is 
found  almost  constantly  diminished.  Thyroideetomized  animals 
may  have  a  slower  glycogenolysis,  which  would  explain  both  the 
more  marked  hypoglycemia  and  the  retarded  recovery.  Their 
condition  would  be  similar  to  that  of  animals  deprived  of  hepatic 
glycogen  as  studied  by  McCormick,  Macleod,  Noble  and  0  ’Brien. 
This  explanation  has  been  supported  by  Houssay  and  Busso. 

Bodansky  attributes  delayed  recovery  in  thyroideetomized 
sheep  to  absence  of  thyroid  stimulation  of  glycogenolysis.  A 
normal  sheep  after  an  eighteen-hour  fast  behaves  like  a  thy- 
roidectomized  one  and  conversely  a  thyroideetomized  animal,  if 
it  has  not  fasted,  reacts  like  a  normal  one. 

Increased  resistance  to  insulin  caused  by  thyroid  feeding 
may  be  due  to  increased  glycogenolysis  and  lowered  carbohy¬ 
drate  tolerance  (Houssay  and  Busso). 

Before  these  hypotheses  can  be  accepted,  they  must  be  sub¬ 
mitted  to  experimental  proof  with  simultaneous  attention  to  the 
effects  of  insulin  on  blood  sugar  and  glycogen  in  normal  and 
thyroideetomized  animals  fed  with  thyroid.  As  many  funda¬ 
mental  facts  are  still  unknown,  it  is  possible  that  these  modifi¬ 
cations  of  the  insulin  reaction  may  be  due  to  other  causes,  e.g., 
alteration  in  the  intermediate  carbohydrate  metabolism  in  thy- 
roidectomized  animals. 

As  yet  no  complete  work  has  been  published  on  the  effect 
of  insulin  in  man.  Already  in  1923  we  proposed  the  adminis¬ 
tration  of  insulin  in  cases  of  Basedow’s  disease  with  lowered 
carbohydrate  tolerance.  Lepine  and  Parturier  (1924),  Goffin 
(1924),  Lawrence  (1924)  have  reported  good  results  on  some 
symptoms  (insomnia,  loss  of  weight,  etc.).  Puchulu  (1925)  ob- 
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tained  no  modification  in  pulse,  pressure,  glycemia,  basal  me¬ 
tabolism  or  menstruation  in  five  cases  of  hyperthyroidism  (or 
considered  such). 

PARATHYROIDS 

After  injecting  rabbits  with  parathyroid  extract,  convul¬ 
sions  are  obtained  with  a  third  or  a  quarter  of  the  usual  dose 
of  insulin  (Winter  and  Smith,  1923).  Feeding  parathyroid  tab¬ 
lets  before  the  injection  of  insulin  also  causes  a  more  rapid  and 
more  marked  fall  of  the  blood  sugar,  though  parathyi’oids  alone 
have  no  effect  on  glycemia  (Forrest,  1923).  Dogs  without  thy¬ 
roids  or  parathyroids  pn'sent  a  slightly  greater  hypoglycemia 
than  normal  dogs;  both  experimental  and  eontrol  animals  had 
been  fed  with  calcium  up  to  twenty-four  hours  before  injecting 
insulin  (Houssay  and  Busso,  1924). 

PITUITARY 

Pituitary  extract  suppresses  insulin  h3'poglycemia  in  rab¬ 
bits  (Burn,  1923;  Joachimoglu  and  Metz,  1924;  Moehlig  and 
Ainslee,  1925)  ;  dogs  (Magenta  and  Biassotti,  1923),  and  normal 
and  diabetic  men  (Lawrence  and  Hewlett,  1925).  It  raises  the 
blood-sugar  level,  abolishes  s.vmptoms  and  prevents  death.  In¬ 
organic  phosphorus  of  blood  diminished  by  insulin  is  increased 
b.v  pituitrin  (Bollinger  and  Hartman,  1925).  Insulin  suppresses 
the  increase  of  fatt\’  acids  in  the  liver  produced  In-  pituitrin 
(Coope,  1925).  Ergotamine  suppresses  this  antagonism  between 
these  drugs  (Lawrence  and  Hewlett). 

Olmsted  and  Logan  (1923)  working  with  decerebrate  cats 
failed  to  lower  the  alread.v  high  glycemia  bj”^  injecting  insulin. 
If,  while  in  this  condition,  the  pituitary  was  removed,  h\-po- 
glj’cemia  and  convulsions  were  observed;  subsequent  injection 
of  the  pituitrin  increased  the  blood  sugar  and  checked  the  con¬ 
vulsions  for  some  time  and  prevented  the  appearance  of  sA'inp- 
toms.  Bulatao  and  Cannon  (1925)  obtained  results  that  dif¬ 
fered  somewhat  from  these;  insulin  produced  h\’poglj’cemia  in 
decerebrate  cats  even  when  the  pituitary  had  been  left  un¬ 
touched.  They  consider  that  Olmsted  and  Logan  had  too  small 
a  number  of  experiments  to  draw  conclusions  from  and  that 
their  glycemias  were  within  normal  limits. 

Houssaj”  and  Magenta  (1924)  used  dogs  whose  pituitary 
had  been  completeh’  removed  some  time  previoush%  that  had 
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recovered  from  the  operation  perfectly  and  showed  symptoms 
of  glandular  removal.  In  this  condition  they  are  extremely  sen¬ 
sitive  to  the  toxic  and  hypoglycemic  action  of  insulin.  The 
blood-sugar  level  fell  rapidly  to  a  low  figure  and  practically  no 
recovery  was  observed.  In  toads  {Bufo  marinus)  the  complete 
removal  of  the  pituitary  produced  the  same  effects;  hypoglyce¬ 
mia  was  more  severe  and  recovery  was  retarded ;  lesions  of  the 
infundibulum  gave  similar  but  less  marked  results;  controls 
with  simple  craniotomy  or  with  removal  of  the  anterior  lobe 
only  showed  normal  behavior.  The  hepatic  glycogen  was  some¬ 
times  diminished,  but  the  glycogen  content  of  the  museles  did 
not  vary  in  any  of  these  series  (Houssay,  Mazzocco  and  Rietti, 
1925). 

Several  hypotheses  can  explain  these  facts:  (1.)  a  greater 
loss  of  blood  sugar  to  which  the  prolonged  and  intense  hypo¬ 
glycemia  would  be  due;  (2)  a  slow  glycogenolysis ;  (3)  a  lack 
of  hepatic  glycogen,  though  this  is  not  probable  as  about  1  per 
cent  was  found;  (4)  alterations  in  the  intermediate  metabolism 
(these  animals  had  adiposity,  etc.).  Further  experiments  are 
necessary  to  clear  up  the  intimate  mechanism  of  the  facts  ob¬ 
served  and  to  throw  light  on  the  different  parts  plaj’ed  by  the 
pituitary  and  by  the  nervous  centers  surrounding  it. 

Clinical  studies  on  the  subject  have  not  yet  been  published ; 
only  one  case  of  a  diabetic  with  acromegaly  has  been  reported 
that  responded  to  insulin  in  the  same  manner  as  ordinary  cases 
of  pancreatic  diabetes  (Blum  and  Schwab,  1923). 

KIDNEY 

Insulin  is  excreted  by  the  kidney  according  to  the  ratio  of 
absorption ;  given  by  mouth  25  per  cent  is  found  in  the  urine 
(Fisher  and  Noble,  1923). 

The  short  duration  of  hypoglycemia  after  intravenous  in¬ 
jection,  as  compared  with  subcutaneous  administration,  might 
be  due  to  a  more  rapid  excretion  of  the  hormone  in  the  first  case. 
With  this  in  view  we  asked  Magenta  (1924)  to  study  the  effect 
of  intravenous  and  subcutaneous  injections  in  nephrectomized 
dogs.  No  difference  was  observed  as  compared  with  normal  con¬ 
trols  (results  unpublished). 

SPLEEN 

Splenectomy  in  rats  does  not  affect  the  reaction  to  insulin 
(Molinelli,  1924). 
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PANCREAS 

Pancreatectomized  dogs  survive  almost  indefinitely  when 
treated  with  insulin.  Fisher  (1923)  could  only  obtain  a  sur¬ 
vival  of  eight  months,  but  Hedon  (1924-1925)  has  a  dog  living 
whose  pancreas  was  removed  six  months  ago  and  Penaud  and 
Simonnet  (1925)  have  kept  dogs  in  apparently  normal  condi¬ 
tion  for  more  than  thirteen  months.  In  the  last  two  papers 
mentioned  the  animals  were  fed  with  meat  and  carbohydrate, 
since  a  diet  of  meat  alone  brings  about  a  loss  of  weight  and 
less  favorable  general  condition.  Iledon  also  gave  pancreas  by 
mouth.  One  dog  went  into  acidosis  and  coma  on  two  occasions 
when  insulin  was  suppressed,  but  recovered  with  renewal  of 
treatment  and  administration  of  bicai’bonate. 

Pancreatectomy  apparently  sensitizes  animals  to  insulin, 
doses  from  one-eighth  to  one-tenth  the  usual  amount  producing 
marked  effects  (Kepinow  and  Ledebt,  1925).  It  has  often  been 
supposed  that  insulin  stimulates  the  internal  secretion  of  the 
pancreas,  though  up  to  now  no  definite  proof  has  been  given. 
Kepinow  and  Ledebt ’s  work  is  suggestive  in  connection  with 
this  problem. 

Depancreatized  dogs  injected  with  increasing  doses  of  in¬ 
sulin  do  not  show  an  increase  of  sugar  transformation  in  an 
arithmetical  ration  with  the  dose;  a  logarithmical  curve  is  ob¬ 
served,  such  that  as  the  dose  becomes  larger  a  smaller  quantity 
of  sugar  per  unit  is  transformed  (Allan,  1925). 

ADRENALS 

Adrenalin  has  an  antagonistic  action  to  insulin ;  one  lowers 
and  the  other  raises  the  blood-sugar  level.  This  fact  is  univer¬ 
sally  admitted  to  be  true  in  rabbits  (Banting,  Best,  Collip,  IMac- 
leod  and  Noble,  1922;  Eadie  and  Macleod,  1923;  Burn,  1923') 
and  in  dogs  (INIagenta  and  Biassotti,  1923). 

Adrenalectomized  rats  are  more  sensitive  to  insulin  (Lewis. 
1923)  and  are  killed  with  one-tenth  of  the  dose  fatal  to  normal 
controls.  Sundberg  (1923)  obtained  similar  results  in  rabbits 
with  both  adrenals  removed  and  after  suppression  of  epinephrin 
secretion.  Stewart  and  Rogoff  (1923)  in  a  few  experiments  on 
rabbits  did  not  find  this  increased  sensitiveness.  In  dogs,  adre¬ 
nalectomy  greatl}’^  increases  sensitiveness  to  toxic  and  hypogly¬ 
cemic  effects  of  insulin  and  recovery,  though  possible,  is  much 
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retarded.  Suppression  of  adrenal  secretion  by  denervation  or 
extirpation  of  the  medulla  produces  similar  though  less  marked 
effects  (Lewis  and  Magenta,  1924).  Cannon,  Mclver  and  Bliss 
(1923)  found  greater  sensitiveness  in  cats  without  adrenal  secre¬ 
tion  (extirpation  of  right  adrenal,  denervation  of  left  adrenal). 
Recently,  Bulatao  and  Cannon  (1925)  working  with  decerebrate 
cats  observed  a  greater  fall  in  blood  sugar  on  insulin  adminis¬ 
tration  after  adrenalectomy. 

Boothby  and  Wilder  (1923)  comparing  the  calorigenic  ac¬ 
tion  of  adrenalin  and  insulin  supposed  that  insulin  produced  an 
adrenal  discharge.  Stewart  and  Rogoff  (1923)  could  not  find 
this  supposed  increase  of  adrenal  secretion  in  cats  injected  with 
insulin,  but  we  believe  this  was  due  to  not  having  obtained  a 
sufficiently  marked  hypoglycemia.  Cannon,  Mclver  and  Bliss 
showed  that  when  the  blood-sugar  level  dropped  below  0.07  per 
cent  in  cats  wdth  denervated  hearts,  an  increased  heart  rate  is 
observed,  ascribable  to  increased  adrenal  secretion,  because  it 
does  not  appear  in  animals  with  one  adrenal  extirpated  and  the 
other  denervated  or  when  hypoglycemia  is  avoided  by  glucose 
injections.  (Hypoglj’cemia  stimulates  the  adrenal  secreting 
centers.) 

Direct  evidence  of  this  assertion  has  been  given  by  Hous- 
say,  Lewis  and  Molinelli  (1924).  Dogs  anesthetized  with  chlo- 
ralose  were  prepared  for  adrenal  transfusion  in  accordance  with 
Tournade  and  Chabrol’s  method,  so  that  all  the  venous  discharge 
of  one  adrenal  (the  left)  of  the  donor  is  transfused  into  the 
jugular  vein  of  the  recipient.  Under  these  conditions  the  blood- 
sugar  level  is  not  raised  more  than  0.025  per  cent  in  the  recipient 
(nine  experiments),  but  if  insulin  is  injected  in  the  donor  and 
hypoglycemia  ensues  the  recipient  has  marked  hyperglycemia 
(seven  positive  results  out  of  eight  experiments:  0.064,  0.046, 
0.189,  0.293,  0.028,  0.054,  and  0.061  per  cent  increase  over  the 
previous  level).  Denervation  of  the  left  adrenal  of  the  donor 
suppresses  this  effect  in  the  recipient,  although  marked  hypogly¬ 
cemia  was  present  in  the  donor  (seven  experiments).  Finally, 
when  insulin  hypoglycemia  in  the  donor  is  prevented  by  the  in¬ 
jection  of  glucose  only  slight  hyperglycemia  was  observed  in  the 
recipient  (0.021,  0.046,  0.027,  0.019,  0.025,  and  0.034  per  cent). 
It  seems  to  us  that  it  has  been  definitely  proved  that  hypogly- 
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ceniia  stimulates  adrenal  secretion,  this  being  an  important  fac¬ 
tor  in  the  process  of  the  return  to  the  normal  blood-sugar  level. 

Riddle,  Honeywell  and  Fisher  (1924)  produced  hypertro¬ 
phy  of  the  adrenals  in  pigeons  by  repeated  injections  of  insulin. 

NERVOUS  FACTORS 

Hypoglycemia  is  produced  by  insulin  even  if  the  brain  has 
been  removed  (Olmsted  and  Logan,  1923;  Bulatao  and  Cannon, 
1925). 

In  dogs,  the  splanchnics  and  the  vagi  apparently  modify  the 
action  of  insulin  in  opposite  directions.  Section  of  the  splanch¬ 
nics  considerably  increases  sensitiveness  to  insulin,  more  so  than 
when  adrenal  secretion  is  suppressed  by  extirpation  of  the  me¬ 
dulla,  according  to  Houssay  and  Lewis’  method  (1921).  The 
absence  of  adrenal  secretion  is  not  the  only  factor  involved  in 
splanchnotomy.  Section  of  the  hepatic  nerves  also  slightly  in¬ 
creases  insulin  effects.  When  both  splanchnics  are  cut,  there¬ 
fore,  both  the  adrenal  and  the  glycogenolytic  innervation  of  the 
liver  are  interfered  with.  The  splanchnics  oppose  insulin  action 
by  their  function  of  liberating  glucose  (glycogenolysis)  directly 
through  the  liver,  and  indirectly  through  the  adrenals  (Lewis 
and  Magenta,  1924).  Burns  and  Marks  (1925)  also  found  a 
greater  insulin  effect  in  cats  with  splanchnics  severed. 

The  vagi  have  an  antagonistic  effect.  If  both  vagi  are  cut 
just  above  the  diaphragm  insulin  produces  a  less  marked  hypo¬ 
glycemia  and  reeovery  is  more  rapid  than  in  normal  controls 
(Lewis  and  Magenta).  These  nerves  have  a  retarding  effect  on 
glycogenolysis.  These  observations  agree  with  the  facts  found 
by  Houssay  and  Lewis  (1923)  when  studying  morphine  hyper¬ 
glycemia. 

According  to  flarrelon  and  Santenoi.se  (1924)  insulin  is  a 
powerful  stimulant  of  the  vagus  as  shown  by  a  marked  increase 
in  the  oeulo-cardiac  reflex  (bradycardia,  bradypnea.  respiratory 
arhythmia,  lower  blood  pressure)  and  a  greater  sensitiveness  to 
peptone  shock.  These  effects  can  be  observed  befoi’e  the  modi¬ 
fications  in  blood-sugar  level,  but  only  when  pure  insulin,  free 
from  proteins,  is  iised. 

Magenta  and  Biassotti  (1923-24)  studied  the  effects  of  dif¬ 
ferent  drugs  on  the  blood-sugar  curves  of  dogs  injected  with 
insulin.  The  following  have  a  marked  and  prolonged  opposing 
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effect  on  insulin  action:  pituitary  extract,  picrotoxin,  morphia, 
strychnin,  and  adrenalin.  Potassium  chloride,  calcium  chlo¬ 
ride,  atrophin  and  quinine  are  less  active  in  the  same  direction 
and  only  slight  effects  were  obtained  with  caffeine,  pilocarpin 
and  acetylcholin.  Cocaine  and  sodium  chloride  had  no  effect 
at  all.  Ergotoxin  and  bisodium  phosphate,  on  the  contrary, 
favored  insulin  effects,  and  to  a  less  extent  nicotin,  eserin  and 
thyroid  extract  gave  similar  results. 

Later  Mauriac  and  Aubertin  (1924)  confirmed  the  results 
obtained  with  atrophin.  Labbe  and  Theodoresco  (1924)  also 
found  that  insulin  and  caffeine  have  antagonistic  effects  on  blood 
sugar  and  blood  pressure.  Burn  had  already  described  the  effect 
of  ergotamin  as  favoring  insulin  hypoglycemia. 

It  can  be  said  that  as  a  rule  drugs  stimulating  the  sympa¬ 
thetic,  or  organs  innervated  by  the  sympathetic,  tend  to  counter¬ 
act  insulin  hypoglycemia  (e.g.,  adrenalin),  drugs  inhibiting 
the  sympathetic  increase  insulin  hypoglycemia  (ergotamine). 
Stimulants  of  the  parasympathetic  increase  insulin  effects 
(eserin,  nicotin).  Biat  it  must  not  be  forgotten  that  the  action 
of  most  drugs  is  complex  and  difficult  to  study  owing  to  am- 
photropism  and  other  causes. 
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A  CASE  OF  PRECOCIOUS  AND  HEREDITARY 
DIABETES  INSIPIDUS 

G.  MARANON  and  E.  BONILLA 

Department  of  Medical  Pathology  of  the  General  Hospital  of  Madrid 

Diabetes  insipidus  occurs  chiefly  in  the  early  stages  of  life. 
In  a  book  published  by  one  of  the  authors  of  the  present  paper 
(Marafion,  1920)  we  reported  statistics  of  35  cases  observed 
personally,  of  which  75  per  cent  showed  commencement  of  the 
process  before  the  patients  were  10  years  old.  Since  then  we 
have  seen  15  more  cases  which  maintain  the  same  proportion. 

Within  this  period  the  most  favorable  age  for  commence¬ 
ment  of  polyuria  is  that  of  the  years  immediately  preceding  the 
coming  of  puberty.  It  is  very  uncommon  that  this  process  be¬ 
gins  in  the  first  two  years  of  a  child’s  life  and  it  is  this  circum¬ 
stance  which  induces  us  to  publish  the  case  referred  to  in  this 
paper. 

Deluca  (1915)  has  recently  reported  a  case  of  diabetes  in¬ 
sipidus  which  started  at  three  months;  we  understand  that  this 
is  the  earliest  mentioned  in  the  literature.  Delafield  and  Rachel 
(quoted  by  Rathery,  1912)  mention  a  case  in  a  child  of  six 
months;  Variot  speaks  of  one  of  seventeen  months  (quoted  by 
Rathery)  and  Pincherle  and  Magni  (1924)  in  a  paper  on 
juvenile  diabetes  insipidus  published  a  few  months  ago  and 
which  constitutes  one  of  the  most  important  documents  related 
to  this  disease,  refer  to  a  case  in  which  polyuria  began  toward 
the  end  of  the  first  year  and  another  case  at  seven  months.  In 
our  patient  the  polyuria  started  at  twelve  months. 

The  clinical  history  is  as  follows : 

M.  V.,  20  months  old.  Both  parents  are  healthy  but,  according 
to  the  father  of  the  child,'  its  mother  had  experienced  on  several  occo- 
sions  before  and  after  marriage  periods  of  insistent  thirst  and  con¬ 
siderable  polyuria;  but  nothing  abnormal  was  found  on  analysing  the 
urine.  We  were  unable  to  see  her,  but  the  data  given,  appears  to 
correspond  perfectly  to  attacks  of  diabetes  insipidus.  They  have 
another  child,  six  months  old,  who  is  normal.  The  mother  has  had 
no  abortions  or  other  symptoms  indicative  of  syphilis  and  the  preg¬ 
nancy  and  parturition  of  the  patient  were  normal.  The  child  was 
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born  at  term,  of  normal  weight  and  appearance  but  with  two  teeth 
erupted  in  the  lower  jaw.  The  mother  nursed  the  child  for  the  first 
month,  afterwards  giving  it  condensed  milk  and  later  ordinary  milk, 
which  is  the  only  food  which  it  takes  at  present.  It  began  to  walk  at 
fourteen  months  and  has  not  had  any  other  illness. 


Eight  months  ago,  that  is  when  it  was  one  year  old,  the  parents 
began  to  observe  that  it  passed  very  much  urine  and  frequently  cried 
for  water.  Since  then  both  symptoms  have  increased. 

At  the  present  time  the  child  weighs  eight  kilograms,  is  seventy- 
five  centimeters  tall  and  presents  a  normal  aspect,  as  can  be  seen 
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from  the  photograph.  The  upper  jaw  has  a  complete  set  of  teeth, 
but  the  lower  jaw  has  only  the  two  teeth  which  it  had  at  birth.  The 
child  walks  well,  can  speak  a  few  words  and  its  intelligence  is  normal 
for  its  age. 

The  urine  output  reaches  eight  liters  in  twenty-four  hours,  the 
child  drinking  about  the  same  amount  of  water.  The  analysis  of  the 
urine  gives  the  following  data:  Specific  gravity,  1.004;  chlorides  1.1; 
urea,  1.95;  absence  of  abnormal  substances. 

An  injection  of  half  a  cubic  centimeter  of  pituitrine  brought  the 
polyuria  down  to  four  and  one-half  liters  on  the  following  day,  when 
only  four  liters  of  water  was  drunk,  and  the  child  slept  several  hours 
on  end  without  being  awakened  by  thirst.  Forty-eight  hours  later 
the  polyuria  and  thirst  again  reached  their  former  level.  Another 
injection  of  one  cubic  centimeter  of  pituitrine  brought  the  polyuria 
down  to  three  and  one-half  liters  and  the  water  drunk  to  three  liters. 
The  injections  were  repeated  on  several  other  occasions,  but  only 
transitory  improvements  were  obtained. 

Each  micturition  consisted  of  about  five  hundred  cubic  centi¬ 
meters  which,  considering  the  size  of  the  child,  signifies  an  enormous 
dilatation  of  the  bladder. 

It  presented  no  nervous  symptoms  nor  the  slightest  sign  of  hypo¬ 
physeal  or  para-hypophyseal  lesion.  The  radiographic  examination 
of  the  sella  turcica,  which  had  to  be  repeated  several  times  on  ac¬ 
count  of  the  child’s  moving,  presented  a  completely  normal  outline. 

As  an  interesting  comment  on  this  case,  we  draw  attention 
to  the  polyuria  of  the  mother.  All  writers  on  this  subject  have 
laid  emphasis  on  the  importance  of  the  hereditary  factor  in 
diabetes  insipidus.  Weil  (1884.  1908)  describes  a  family  of  78 
members,  of  whom  23  suffered  from  polyuria,  and  (piotes  sev¬ 
eral  other  cases  of  transmission  of  the  process  from  one  genera¬ 
tion  to  another  and  sometimes  to  the  third  generation.  Lance- 
reaux  (1869)  found  eleven  cases  of  positive  inheritance  in  a 
group  studied  and  Van  der  Heijden  (1875)  mentions  ten  ol)- 
servations  of  hereditary  diabetes  insipidus  in  a  similar  collection 
of  data. 

In  our  above-mentioned  book  (1920)  we  drew  attention  to 
the  fact  that  this  preference  of  hereditary  ethiology  is  an  argu¬ 
ment  in  favor  of  the  endocrine  nature  or,  more  correctly  speak¬ 
ing,  of  the  hypophyseal  nature  of  diabetes  insipidus,  since  the 
hereditary  transmission  of  a  determined  endocrine  predisposi¬ 
tion  is  a  common  and  established  fact  whilst,  on  the  contrary,  a 
lesion  of  the  nervous  sj’stem  localized  in  such  an  exeeptioned 
position  as  the  infundibulum  is  always  a  casual  occurrence. 
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With  respect  tc  the  pathogeny,  as  we  have  indicated,  the 
child  showed  no  symptom  imputable  to  a  lesion  of  the  hypophy¬ 
sis.  It  was  of  average  height,  had  no  inclination  to  adiposity 
and  there  were  no  clinical  or  radiological  symptoms  which  would 
induce  one  to  suggest  a  lesion  of  the  hypophysis  or  the  contigu¬ 
ous  parts  of  the  nervous  sj’stem.  However,  we  are  still  more 
convinced  every  day,  that  only  a  very  careful  anatomical,  macro- 
scopical  and  histological  examination  would  enable  one  to  speak 
of  the  existence  or  non-existence  of  lesion  of  the  hypophj’sis  and 
of  the  para-hypophyseal  centers. 

As  it  is  our  aim  to  present  a  case  of  juvenile  hereditary 
diabetes  insipidus,  we  are  not  taking  part  in  the  agitated  dis¬ 
cussion  of  the  mechanism  of  this  disease.  The  publication  of  our 
book  to  which  we  have  referred  above  and  a  later  monograph 
(1921)  has  placed  us  in  the  position  of  definite  proponents  of 
the  hypophyseal  theory,  and  in  consequence  we  have  been  the 
object  of  criticisms  in  late  years,  some  friendly  and  others  not  so, 
by  almost  all  authors  who  have  devoted  themselves  to  this  ill¬ 
ness,  as  nearly  all  are  today  inclined  towards  the  exclusively 
nervous  theory. 

We  shall  shortly  discuss  this  question  again,  giving  our 
experience  of  the  last  few  years.  For  the  moment  we  will  simply 
state  that  we  have  never  denied  the  intervention — undeniable 
with  our  present  knowledge  of  science — of  the  polyuric  centers 
in  the  genesis  of  this  disease.  From  the  very  first  we  were  in 
favor  of  the  eclectic  theory,  which  was  at  the  same  time  sup¬ 
ported  by  Pende  (1915)  and  other  authors  at  a  later  date  and 
which  laterly  tends  to  he  confirmed  by  the  research  of  histolo¬ 
gists,  who  offer  objective  evidence  of  the  passage  of  the  hypo¬ 
physeal  colloid  through  the  pituitary  stem  as  far  as  the  region 
of  the  middle  ventricle.  But  within  this  eclectic  theory,  we 
insist  on  the  important  of  the  internal  secretion  of  the  hypophy¬ 
sis,  the  intervention  of  which  is  based  on  facts  which  have  not 
yet  been  refuted.  We  therefore  endorse  the  conclusion  in  which 
Pincherle  and  Magni  sum  up  their  work  as  follows:  “In  this 
way  from  Pende  to  Maranon,  from  Falta  to  Loewy,  the  neuro- 
glandular  conception  of  diabetes  insipidus  is  gaining  ground  and 
taking  on  a  definite  signification  which  appears  to  us  should 
serve  as  a  basis  for  the  interpretation  of  the  pathogenic  mech- 
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auism  of  this  disease,  admitting  that  the  mesencephalic  centers 
and  the  hypophysis,  disturbed  separately  or  together,  may  have 
a  reeiprocal  influence  on  each  other,  contributing  to  the  complex 
disturbance  of  the  water  and  salt,  renal  and  extra-renal 
metabolism,  which  is  the  basis  of  the  so-called  polyuria  in¬ 
sipidus.  ’  ’ 
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Aeeordinsr  to  Jordan  (ll  the  spleen  is  yihylojrenetically  both 
a  myeloid  and  a  lymphoid  or»an.  Beginning  with  the  reptiles 
it  loses  l)oth  these  functions  to  the  hone  marrow  and  lymph 
glands,  respectively.  Emhryologically  it  is  essentially  erythro- 
cytopoietic.  In  man  it  possesses  this  function  until  about  the 
fifth  month  of  embryonic  life,  when  the  bone  marrow  becomes 
the  chief  seat  of  red  blood  cell  formation.  The  spleen,  however, 
persists  throughout  life,  and  the  ([uestion  therefore  arises,  what 
function  does  it  then  perform,  if  any? 

Jordan  (11  further  suggests  that  in  spite  of  its  large  size, 
the  spleen  persists  in  mammals  as  a  phylogenetic  remnant  with¬ 
out  essential  function.  It  is  believed,  however,  that  in  the  adult 
mammal  the  syileen  plays  a  paid  in  blood  cell  formation.  Lym¬ 
phocytes  are  abundant  in  tbe  ^lalpighian  corpuscles  and  may  be 
present  in  the  splenic  vein  in  relatively  large  numbers  (as  much 
as  one  to  every  4  red  cells),  so  that  it  is  believed  that  the  spleen 
is  a  seat  of  lymphocyte  formation.  In  the  frog  the  greater  por¬ 
tion  of  the  spleen  is  made  up  of  lymphocytes.  Jordan  and 
Speidel  (2)  have  demonstrated  that  it  is  in  these  animals  the 
ehief  source  of  erythropoiesis  (with  the  exception  of  a  short 
post -hibernation  period  when  the  bone  marrow  functions),  and 
that  it  functions  by  producing  lymphocytes  which,  in  turn,  dif¬ 
ferentiate  into  erythrocytes.  On  evolutionary  and  embryonic 
grounds,  therefore,  it  would  be  logical  to  seek  in  higher  animals 
for  evidences  of  influence  of  splenic  function  upon  erythrocyto- 
poiesis. 

In  1895  Danilewsky  and  his  pupil  Salensky  (3),  on  the 
basis  of  previous  work  of  others  who  claimed  to  have  observed 
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anemia  following  splenectomy,  expressed  the  belief  that  the 
spleen  may  stimulate  the  production  of  erythrocytes  by  the  bone 
marrow.  Studies  were,  therefore,  made  of  the  effects  of  ex¬ 
tracts  of  spleen  tissue  upon  the  red  cell  content  of  the  blood. 
Krumbhaar  and  Musser  (4)  in  1914  were  able  to  confirm  previ¬ 
ous  workers  (3)  (5),  that  following  the  intraperitoneal  injec¬ 
tion  of  fresh  saline  extracts  into  dogs  there  occurred  an  increase 
both  in  the  erythrocytes  and  hemoglobin  in  the  blood  which 
lasted  1  to  2  days.  They  reported  also  that  the  feeding  of  raw 
beef  spleen  to  dogs  did  not  prevent  the  secondary  anemia  which 
they  found  to  occur  after  splenectomy  in  these  animals.  The 
results  with  saline  solution  of  spleen  were  confirmed  by  Downs 
and  Eddy  (6)  in  rabbits.  These  workers  emphasized  the  aj)- 
pearance  of  reticulated  and  ^nucleated  corpuscles  in  the  blood 
stream.  The  assumption  has  been,  therefore,  that  the  spleen 
liberates  a  hormone  which  influences  the  activity  of  the  erythro- 
cytopoietic  tissues. 

Downs  and  Eddy  (6)  found  evidence  that  the  spleen  exerted 
a  haemolytic  effect,  especially  upon  the  older  and  the  less  re¬ 
sistant  red  cells,  and  that  the  spleen  at  the  same  time  stimulated 
the  hone  marrow  to  produce  fresh  erythrocytes  to  compensate 
for  those  destroyed.  Using  virtually  this  same  working  hypothe¬ 
sis,  Leake  (7)  (8)  and  his  associates  have  studied  the  effects  of 
the  administration  of  extracts  of  bone  marrow  and  spleen  upon 
the  cell  content  of  the  circidating  blood.  Confirming  those  al¬ 
ready  mentioned,  they  found  that  spleen  extracts  caused,  fol¬ 
lowing  a  transient  fall,  an  increase  in  the  number  of  circulating 
red  blootl  cells  and  that  saline  extracts  of  bone  marrow  also 
caused  a  rise  in  the  number  of  erythrocytes.  They  observed, 
further,  moreover,  that  a  combined  extract  of  both  spleen  and 
bone  marrow  caused  a  more  pronounced  increase  in  the  number 
of  circulating  red  blood  cells  than  did  either  extract  given  alone. 
The  cond)ined  extract  also  caused  a  rise  in  the  hemoglobin  per¬ 
centage  of  the  blood. 

These  findings  were  then  applied  clinically  by  Leake  and 
Evans  (9),  Kay  (10),  Thalheimer  (11),  Dunham  (12),  Fisher 
and  Snell  (13)  and  others.  Each  of  these  authors  reports  prac- 
ticallj’  the  same  results:  a  gradual  increase  in  the  erythrocyte 
count  and  rise  in  the  hemoglobin  content  of  the  blood  during 
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the  period  of  feedings.  The  preparation  used  by  these  authors 
was  desiccated  spleen  and  bone  marrow,  equal  parts,  in  doses 
of  about  15  grains  (1  gram)  daily. 

We  have  been  studying  the  effects  of  spleen  and  bone  mar¬ 
row  feedings  in  a  series  of  cases  observed  over  long  periods  of 
time  (6  months)  in  an  effort  to  observe  the  comparative  re¬ 
sponses  of  alternate  feeding  and  withholding  of  the  preparation. 
Our  series  consisted  of  8  cases.  Owing  to  the  appearance  of 
complications,  four  of  the  individuals  were  dropped.  The  pa¬ 
tients  were  all  male  inmates  of  Montefiore  Hospital  who  had 
been  in  the  institution  for  a  number  of  months.  Patient  1  was 
63  years  old.  He  had  chronic  cardiac  disease.  Number  2  was 
a  patient  27  years  old,  who  had  chronic  hip  disease.  He  was 
afebrile  during  the  experimental*  period.  Number  3  was  48 


years  old.  He  suffered  from  chronic  hypertension  and  hemi¬ 
plegia.  Number  4,  18  years  of  age,  was  incapacitated  by  reason 
of  chronic  osteomyelitis  of  the  femur.  It  should  be  emphasized 
that  these  eases  were  particularly  well  suited  for  the  experi¬ 
ment  by  reason  of  the  fact  that  their  diets  and  muscular  activity 
were  fairly  constant  over  a  period  of  months,  both  before  and 
during  the* experiment.  The  preparation  used  was.  as  described 
above,  desiccated  spleen  and  bone  marrow*  in  doses  of  1  gram 
(5  grains,  t.i.d.)  daily.  The  blood  counts  were  made  three  times 
in  a  week.  The  blood  was  taken  at  the  same  time  of  the  day 

•We  wish  to  thank  Dr.  David  Klein  of  the  Wilson  Laboratories, 
Chicago,  for  supplying  the  spleen-marrow  preparation  which  was  used 
In  this  work. 
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(11  A.  M.)  to  eliminate  the  effects  of  factors  which  may  influ¬ 
ence  the  cell  content  of  the  blood,  such  as  digestion.  The  counts 
were  made  in  duplicate  by  the  same  person  (F.  H.  F.).  The 
hemoglobin  determinations  were  made  with  a  Tallquist  hemo¬ 
globin  scale. 

The  following  plan  was  used.  A  series  of  control  counts 
was  made  before  the  medication  was  started.  The  feedings 
were  continued  for  several  weeks,  withheld  for  a  few  weeks, 
then  resumed  again  for  about  one  month  and  then  again  stopped. 
In  three  of  the  cases  desiccated  thyroid  (2  grains  daily)  was 
administered  at  the  end  of  the  experiment  for  purposes  of  com¬ 
parison  with  the  spleen-bone  marrow  effects.  In  3  of  the  4 
cases  in  response  to  the  first  feedings  there  occurred,  commenc¬ 


ing  within  3  days,  a  gradual  increase  in  the  erythrocyte  count 
of  the  blood  of  about  600,000  to  800,000  cells  per  cubic  milli¬ 
meter  of  blood,  which  level  was  more  or  less  sustained  during  the 
time  the  feedings  were  continued.  In  the  one  case  (Number  3) 
there  was  an  increase  of  about  200,000  cells  per  cmm.  of  blood 
during  the  first  period  of  spleen-bone  marrow  feedings.  As 
soon  as  the  preparation  was  withheld  the  red  cell  counts  fell  in 
each  case  to  approximately  the  fore  period  levels  with  the  ex¬ 
ception  of  case  Number  3,  in  which  instance  it  fell  to  below  this 
level.  The  heinoblogin  response  was  parallel  to  that  of  the  red 
cells  but  usually  more  marked.  After  the  feedings  were  resumed 
a  second  time  the  reactions  were  practically  the  same  in  each 
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case  as  during  the  first  feeding  period,  with  a  tendency  toward 
a  sliglitly  more  pronounced  response.  The  hemoglobin  increase 
was  parallel  with  that  of  the  red  cells,  slightly  more  striking  in 
three  of  the  cases  and  less  in  one  (Number  2)  during  the  sec¬ 
ond  feeding  period.  Thyroid  administration  caused  no  change 
in  2  cases  and  a  rise  in  one  case,  which  was  not  sustained  in 
spite  of  continuation  of  the  feedings. 

It  was  suggested  that  during  the  feeding  periods  there 
might  be  a  rise  in  heat  production  accompanying  the  increase  in 
erythrocytes.  In  no  case,  however,  did  we  find  the  basal  metabo¬ 
lism  to  be  increased.  The  preparation  was  administered  also  in 
:i  cases  of  pernicious  anemia.  In  none  of  these  did  any  note¬ 
worthy  change  otcur  in  the  red  cell  or  hemoglobin  content  of 
the  blood.* 


DISCUSSION 

If  it  can  be  definitely  established  that  extracts  of  spleen 
and  of  bone  marrow  possess  an  active  substance  which  may  in¬ 
crease  the  production  of  erythrocytes  it  would  be  of  great  value 
both  to  the  physiologist  and  to  the  clinician.  It  would  be  evi¬ 
dence  of  an  additional  splenic  function  in  the  adult  mammal, 
and  it  would  also  offer  a  conception  of  how  the  production  of 
erythrocytes  may  be  controlled.  To  the  clinician  it  would  pre¬ 
sent  a  ready  means  for  increasing  the  erythrocyte  and  hemo¬ 
globin  content  of  the  blood. 

•This  work  was  done  in  conjunction  with  Dr.  E.  A.  Leadbeater  of 
the  medical  service  of  Monteflore  Hospital. 
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The  experimental  evidence  published  from  various  sources 
is  in  general  agreement  that  saline  solutions  of  spleen  extracts 
cause  a  temporary  fall  followed  hy  a  more  prolonged  rise  in 
the  erythrocyte  content  of  the  circulating  blood.  The  evanescent 
decrease  is  probably  evidence  of  the  hemolytic  action  which  is 
known  to  be  possessed  by  the  spleen.  The  stimulating  effect 
upon  erythrocytopoiesis  is  apparently  more  constant  and  more 
powerful. 

The  further  development  of  this  by  Leake  and  his  associates 
which  has  led  to  the  clinical  work  with  spleen  and  bone  marrow 
extracts,  while  still  a  hypothetical  consideration,  seems  very 
much  in  the  realm  of  possibility,  as  shown  by  their  own  experi¬ 


mental  observations  as  well  as  the  clinical  reports  mentioned 
above.  Our  findings  confirm  the  claim  that  spleen-marrow  ex¬ 
tract  is  a  stimulant  to  erythrocytopoiesis.  We  find  that  the  in¬ 
crease  in  red  cells  lasts  only  as  long  as  the  feedings  are  continued 
and  that  at  the  same  time  there  is  a  concomitant  and  usually 
more  marked  rise  in  the  hemoglobin  content  of  the  blood.  There 
is  no  change  in  heat  production  caused  by  this  extract.  The 
preparation  is  without  effect  when  administered  in  cases  of  per¬ 
nicious  anemia. 

CONCLUSIOX 

An  extract  of  desiccated  spleen  and  bone  marrow  was  alter¬ 
nately  fed  and  withbeld  in  a  series  of  4  cases  over  a  period  of  6 
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months.  During  the  periods  of  feeding  there  oeeurred  increases 
in  the  erythrocyte  and  hemoglobin  contents  of  the  blood  which 
returned  to  about  the  pre-feeding  level  when  the  preparation 
was  withheld. 
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The  first  report  which  I  made  on  this  subject  was  published 
in  Endocrinology  in  1922  (1).  This  was  a  report  of  three  cases 
of  gland  transplantation,  the  first  being  that  of  E.  W.  K.,  who 
following  a  sudden  mental  shock  became  completely  impotent. 
Glandular  extracts  and  aphrodisiacs  produced  no  beneficial  re¬ 
sults.  The  impotence  was  associated  with  considerable  debility, 
weakness  in  the  lower  extremities  and  insomnia.  It  was  deter¬ 
mined  to  try  gland  transplantation,  and  through  the  courtesy 
of  the  laboratories  of  Armour  and  Company,  a  fresh  testicle  of 
a  ram  was  secured.  This  was  received  in  a  refrigerated  state 
and  was  refrigerated  further  in  boric  acid  for  thirty  hours  more 
before  the  transplantation.  A  longitudinal  section  1  cm.  in 
thickness  was  made  and  embedded  in  the  patient’s  abdominal 
wall.  Althoiigh  this  gland  became  necrotic  and  began  to  slough 
away  the  patient  began  to  have  erections  nine  days  after  the 
operation.  Normal  sexual  life,  and  increased  appetite  and  a 
general  feeling  of  well-being  ensued,  all  of  which  the  patient 
attributed  to  the  operation.  The  resiilts  in  this  case  encouraged 
me  to  make  a  further  trial  of  gland  transplantations  and  the 
next  two  cases  were  reported  with  the  one  above  outlined. 

A  second  article  consisted  of  a  general  review  of  the 
subject  with  conclusions  from  the  results  of  127  gland  transplan¬ 
tations.  Since  making  that  report  I  have  continued  to  perform 
the  operation  and  my  series  now  totals  over  300  cases. 

In  the  earlier  cases  the  transplants  were,  in  the  male,  sliced 
grafts  of  the  testicle  of  various  animals,  chiefly  the  young  bull 
and  the  ram.  In  women  the  operation  consisted  in  placing  in  a 

•Read  before  the  West  Side  Clinical  Society  of  New  York  City  on 
December  10th,  1925. 
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pocket  in  the  abdominal  wall  a  whole  ovary.  In  the  latter  in¬ 
stance  the  sheep’s  ovary  was  chiefly  utilized,  although  the 
ovary  of  the  non-pregnant  or  the  pregnant  cow  were  employed 
on  occasions.  The  earlier  transplantations  were  made  between 
the  muscles  of  the  abdominal  wall;  the  later  transplantations 
employed  a  subdermal  technic.  In  the  earlier  operations  none 
of  the  testicular  tunics  were  transplanted ;  in  the  later  opera¬ 
tions  the  tunics  were  invariably  transplanted.  In  the  case  of 
ovaries,  in  the  earlier  operations,  the  whole  ovary,  just  as  it 
came  from  the  animal,  was  laid  in  the  pocket  prepared  for  it. 
In  the  later  transplantations  the  ovary  was  invariably  bisected 
before  it  was  transferred  to  its  new  bed.  In  the  earlier  opera¬ 
tions  no  attempt  was  made,  either  in  the  male  or  the  female,  to 
suture  the  new'  tissue  in  the  prepared  receiving  pocket ;  in  the 
later  transplantations  sutures  were  invariably  used.  In  the 
earlier  W'ork  great  care  was  not  exercised  to  see  that  the  receiving 
pocket  was  free  from  blood,  while  in  the  later  operations  this 
constituted  the  essential  point  in  the  technic.  In  the  earlier 
series  of  cases  successful  results  were  obtained  in  about  30  per 
cent  of  the  cases.  The  change  in  technic  has  increased  the  per¬ 
centage  of  successful  results  to  80.  But  when  I  say  80  per  cent 
of  successful  results  I  do  not  mean  that  the  results  were  entirely 
successful  from  every  point  of  view'.  Many  of  the  patients 
showed  improvement  in  unexpected  w'ays  and  no  improvement 
in  the  condition  for  which  the  gland  transplantation  was  under¬ 
taken. 

The  main  effects  of  gland  transplantation  may  be  enumer¬ 
ated  under  these  headings : 

1.  Effect  on  the  sex  organs. 

2.  Effect  on  general  metabolism. 

3.  Effect  on  mentality. 

4.  Effect  on  special  senses  (sight,  hearing). 

5.  Effect  on  voluntary  muscles. 

6.  Effect  on  involuntary  muscles. 

7.  Effect  on  peripheral  nerves. 

In  the  80  per  cent  of  successful  results  are  included  definite 
beneficial  effects  in  respect  to  any  of  the  functions  or  organs 
above  enumerated. 
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While  there  is  an  immense  amount  of  misunderstanding  and 
non-understanding  of  the  functions  of  the  various  glands  and 
glandular  secretions,  certain  definite  functions  have  been  at¬ 
tributed  to  the  testes  and  ovaries,  so  that  it  is  difficult  to  deduce 
causes  for  the  lack  of  return  of  function  in  those  cases  in  which 
there  is  an  apparent  “take,”  or  assimilation  of  the  glandular 
tissue.  In  other  words,  how  can  the  fact  be  explained  that 
after  a  surgically  successfiil  transplantation  of  glandular  tissue 
function  is  not  resumed?  In  respect  to  the  testicle  it  has  gen¬ 
erally  been  deduced  that  the  hormones  which  produce  male 
characteristics  originate  in  the  cells  of  Leydig  in  the  interstitial 
tissue.  In  enumerating  the  effects  of  testicular  secretion  in 
various  animal  experiments  the  conclusion  is  drawn  that 
the  internal  secretion  from  Leydig ’s  cells  controls  the  size 
of  the  sex  organs,  their  functional  activity,  the  general  mental 
and  physical  development  and  hairy  growth.  If  these  conclu¬ 
sions  are  correct,  it  would  seem  that  if  any  of  these  functions 
were  lacking,  partially  lacking,  or  in  any  way  deficient,  definite 
recovery  of  these  functions  should  follow  in  all  cases  after  a 
technically  successful  gland  transplantation.  The  fact  that 
these  functions  are  only  re-established  in  a  certain  percentage  of 
cases  following  successful  gland  transplantation  would  permit  us 
to  deduce  that  this  testicular  hormone  is  not  entirely  responsible 
for  the  size  of  the  sex  organs,  their  functional  activity,  the  gen¬ 
eral  physical  and  mental  development  and  hairy  growth.  While 
I  am  desirous  of  reporting  the  results  in  certain  groups  of  the 
more  than  300  cases  of  gland  transplantation,  7  am  more  anxious 
to  show  that  this  testicular  hormone  is  not  entirely  responsible 
for  all  the  functions  attributed  to  it,  and  to  show  that  my  own 
conclusion  is  supported  by  clinical  results. 

As  puberty  is  a  period  of  blooming,  opening  up,  evolution, 
so  the  menopause  is  a  period  of  withering,  shrinking  and  closing 
up,  involution.  The  ovaries  during  active  sexual  life  smooth 
and  glistening,  become  dull,  shrunken  and  rough.  They  may 
shrink  to  nothing  but  a  fibrous  band  (Robinson).  Arnold  Lor- 
land  states  that  the  ovaries  between  the  age  of  46  and  50  undergo 
important  changes  and  involution.  There  is  an  increase  of  con¬ 
nective  tissue,  with  degeneration  of  the  epithelial  structure. 
There  is  also  a  retrograde  metamorphosis  of  the  Graafian  follicles 
into  fibrous  tissue.  According  to  Delafield  and  Prudden,  atro- 
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phy  such  as  takes  place  in  the  ovarj'  consists  of  diminution  of 
the  size  of  an  organ  or  of  its  tissues,  without  marked  alteration 
in  structure,  and  it  may  finally  disappear  altogether.  Other 
degenerative  changes  may  be  associated.  The  cytoplasm  of 
atrophic  cells  is  often  more  transparent  than  normal,  and  may 
contain  an  undue  amount  of  pigment.  The  parenchyma  cells 
in  the  generative  gland  become  smaller  and  may  be  more  or  less 
pigmented.  Thus  we  see  in  the  female  at  the  menopause  we 
have  a  marked  fibrosis  of  the  ovary,  and  also  of  the  uterus,  at 
the  time  these  organs  lose  their  function.  In  the  male  the  testi¬ 
cle  usually  undergoes  a  certain  amount  of  diminution,  and  there 
is  an  onset  of  either  partial  or  complete  impotence,  but  always 
do  we  note  in  the  male  a  certain  amount  of  hypertrophy  of  the 
prostate.  This  hypertrophy  is  not  a  true  hypertrophy  hut  a 
hypertrophic  atrophy. 

.In  discussing  the  mechanism  of  prostatic  hypertrophy  Tan- 
enbaum  says  it  is  usually  conceded  that  the  term  prostatic  hyper¬ 
trophy  does  not  cover  the  pathological  process  intended  to  be 
conveyed  by  this  term.  Recent  writers,  as  for  example,  Fischer, 
have  furnished  convincing  evidence  that  it  is  not  the  prostate 
which  undergoes  hypertrophy.  Tanenbaum  calls  attention  to 
a  group  of  glands  described  bj'  Littre  and  Leydig  and  Aschoff 
as  peri-urethral  or  submucous  glands,  which  apparently  undergo 
proliferation  in  later  life.  The  prostate,  in  eontradistinction 
to  the  submucous  glands,  undergoes  presenile  changes  similar  in 
character  to  those  observed  in  other  organs  in  advanced  life, 
while  the  submucous  glands  undergo  hypertrophy.  Simmonds 
is  of  the  opinion  that  these  changes  are  brought  about  by  the 
internal  secretion  of  the  preserved  testicular  substance,  which 
in  association  with  the  primary  atrophy  of  the  prostate,  stimu¬ 
lates  the  peri-urethral  glands  to  proliferate.  In  proliferating 
these  peri-urethral  glands  spread  in  various  directions  and 
thereby  protrude  upon  the  prostate  gland,  which  in  consequence 
of  compression  undergoes  further  atrophy.  Another  reason, 
Tanenbaum  continues,  wby  the  term  hypertrophy  is  a  misnomer 
is  that  it  denotes  a  simultaneous  enlargement  of  the  various 
structures  of  an  organ.  Such  a  process  is  generally  not  ob¬ 
served  in  pure  prostatic  hjT)ertrophy,  which  exhibits  hyperplasia 
of  the  glands  with  no  deviation  from  the  normal  structures. 
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These  considerations  justify  the  definition  of  prostatic  hyper¬ 
trophy  as  a  nodular  hyperplasia  of  the  peri-urethral  glands 
which  are  located  between  the  veramontanum  and  the  internal 
sphincter.  It  is  only  with  the  secondary  changes  elicited  by 
the  growth  in  the  neighboring  organs  and  with  the  appearance 
of  obstruction  that  the  true  pathological  condition  begins.  Dela- 
field  and  Prudden  state  that  microscopical  examination  of  the 
hypertrophied  prostate  shows  a  considerable  variety  of  pictures. 
The  gland  may  be  converted  into  what  is  practically  a  multi- 
locular  cyst,  or  the  fibrous  tissue  may  undergo  a  great  hyper¬ 
plasia  without  marked  increase  in  the  glands.  The  hyperplasia 
may  be  diffuse  or  nodular.  The  interstitial  tissue,  especially 
about  the  gland,  is  usually  infiltrated  with  lymphocytes  and 
occasionally  this  infiltration  is  quite  diffuse.  When  the  hyper¬ 
trophy  of  the  gland  is  circumscribed  nodules  of  muscle  and 
fibrous  gland  tissue  w’hich  are  formed  near  the  periphery  of  the 
organ  may  project  into  the  bladder,  and  even  become  detached 
and  be  found  as  small  movable  tumors  beneath  the  mucous 
membrane. 

This  hypertrophy  of  the  prostate  occurs  too  often  with  the 
onset  of  impotence  or  diminished  function  to  he  attributed  to 
mere  coincidence.  It  occurs  so  often  that  w'e  are  compelled  to 
draw  the  conclusion  that  the  prostate  is  definitely  re.sponsible, 
unth  the.  testicle,  for  both  sex  function  and  sex  desire.  The 
following  case  offers  evidence  in  support  of  this  idea. 

Mr.  C.  L.  G.,  a  bank  president,  aged  57,  an  American,  was  normal 
in  every  way  except  that  for  thirteen  years,  or  from  the  age  of  44, 
he  was  compelled  to  use  a  catheter  because  of  an  enlarged  prostate. 
Sex  function  and  sex  desire  during  this  thirteen  years  was  diminished. 
On  Feb.  5,  1923,  prostatectomy  was  performed.  Following  this 
operation  sex  desire  and  sex  function  were  completely  lost.  On  June 
14,  1923,  a  slice  of  ram’s  testicle  was  transplanted  according  to  the 
old  technic.  The  gland  sloughed  out  and  the  results  were  negative. 
On  July  13,  1923  a  second  gland  transplantation  was  performed, 
which  was  a  take;  i.  e.,  it  did  not  slough  out.  But  no  result  on  sex 
function  accrued.  On  Nov.  20,  1923,  another  attempt  at  gland 
transplantation  was  made.  This  time  a  section  of  bull’s  prostate  was 
employed.  This  gland  sloughed  away,  but  during  the  period  of 
necrosis  the  pat’ent  experienced  sex  desire  and  erection.  Owing  to 
the  fact  that  this  gland  sloughed  away  another  attempt  was  made 
on  April  30,  1924,  the  effects  of  which  were  negative.  Finally,  on 
June  3,  1925,  a  fifth  gland  transplantation  was  undertaken.  This 
attempt,  like  the  former  ones,  was  unsuccessful.  Going  more  into 
detail  in  this  case,  the  patient  came  for  one  definite  purpose,  namely 
to  recover  his  sex  life.  He  was  a  man  about  6  feet  1  inch  in  height, 
weighing  approximately  240  pounds,  obese,  anemic,  his  mind  func¬ 
tioning  sluggishly.  It  will  be  seen  from  the  above  operations  that 
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the  transplantation  of  testicular  tissue  was  a  “take”  in  one 
instance;  that  is,  it  did  not  slough  away.  Its  effect  on  the  sex 
organs,  however,  was  nil.  But,  on  the  other  hand,  its  effect  on  the 
man’s  general  vigor,  metabolism  and  mental  activity  was  remarkable. 
He  lost  approximately  60  pounds  in  weight,  his  anemic  appearance 
vanished,  and  from  being  sluggish  he  became  active  in  every  way 
except  in  the  way  he  desired.  He  improved  to  such  an  extent  that 
his  physician  insisted  on  his  return  for  a  further  gland  transplanta¬ 
tion,  hoping  that  the  impotence,  which  was  his  chief  complaint  would 
disappear.  Only  in  one  instance  did  the  return  of  potency  manifest 
itself  and  this  was  immediately  following  the  transplantation  of  the 
prostatic  tissue. 

I  then  decided  to  give  to  all  patients  in  whom  I  transplanted 
testicular  tissue  prostatic  extract  in  tablet  form.  No  better  re¬ 
sults  were  obtained  by  this  measure  than  before  its  adoption. 
A  watery  solution  of  prostatic  extract  was  prepared  but  was 
found  to  give  a  precipitate  upon  the  addition  of  1 :10,00p  hydro¬ 
chloric  acid,  hence  giving  prostatic  extract  by  mouth  seemed  to 
be  inadvisable.  Several  laboratories  were  asked  to  prepare  pros¬ 
tatic  extract  in  ampoule  form  to  be  given  hypodermically.  The 
laboratory  of  Lilly  and  Company,  after  many  months  of  work, 
finally  supplied  me  with  several  hundred  ampoules  which  I  have 
heen  using  this  year  in  those  cases  of  testicular  transplantation 
which  showed  no  definite  results  within  three  weeks  following 
the  transplantation.  The  effects  have  been  rather  remarkable. 
I  have  had  not  one  case  which  did  not  show  a  return  of  sex 
function  when  prostatic  extract  was  given  hypodermically  in 
conjunction  with  testicular  transplantation. 

As  stated  in  the  title,  this  paper  is  devoted  to  observations 
which  I  have  made  in  those  cases  in  which  testicular  or  ovarian 
transplantations  have  been  made  in  physicians  or  physicians’ 
wives,  since  it  would  seem  that  the  information  as  to  results 
obtained  from  this  source  might  be  regarded  as  more  definite 
and  reliable  than  that  obtained  from  lay  patients. 

The  first  case  is  (pioted  out  of  order  so  far  as  the  transplanta¬ 
tion  is  concerned,  for  the  reason  that  it  bears  out  the  hypothesis 
that  prostate  hormone  is  important. 

Case  1.  This  patient,  whom  we  shall  call  Dr.  A.,  was  in  his 
seventieth  year,  a  Harvard  graduate,  a  member  of  the  American 
College  of  Surgeons,  the  New  York  Academy  of  Medicine,  and  a  con¬ 
sulting  surgeon  to  four  of  New  York’s  largest  hospitals.  He  com¬ 
plained  of  prostatic  hypertrophy,  impotence,  debility  and  nocturnal 
urination  (four  times  nightly).  On  July  23,  1925,  gland  transplanta¬ 
tion  was  performed.  There  were  no  immediate  effects.  About  two 
weeks  after  the  operation  prostatic  extract  was  administered  hy¬ 
podermically.  On  August  10th  the  patient  reported  that  following 
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the  hypodermic  of  prostatic  extract  he  was  called  upon  to  urinate 
but  once  during  the  night.  On  September  15th  he  reported  that  all 
his  old  lassitude  had  disappeared,  that  he  had  been  aroused  only 
once  nightly  to  urinate  since  August  10th,  that  he  noticed  a  definite 
improvement  in  his  sight,  that  he  now  awakens  daily  with  an  erec¬ 
tion,  and  that  he  had  succeeded  in  having  definite  normal  sexual 
intercourse  and  an  orgasm.  An  experience  that  had  not  happened 
for  many  years. 

Case  2.  Dr.  B.,  aged  62,  a  practitioner  of  New  York,  a  member 
of  the  American  College  of  Surgeons,  the  New  York  Academy  of 
Medicine  and  the  American  Medical  Association,  a  graduate  of 
Columbia  University,  complained  of  complete  impotence  and  general 
debility.  Testicular  tissue  from  the  ram  was  transplanted  on  Oct. 
20,  1924.  The  patient  reported  a  “tonic”  effect  but  no  influence  on 
the  sex  glands.  He  has  received  a  second  transplant. 

Case  3.  Dr.  C.,  aged  53,  a  graduate  of  Drake  University,  College 
of  Medicine,  came  from  a  western  state  to  consult  me  because  of 
marked  debility,  impotence,  diabetes,  sciatica  and  intercostal  neuritis. 
This  case  was  one  of  those  that  are  rather  bizarre  in  their  results. 
This  patient  gave  the  history  that  in  1918  or  1919,  during  the  influ¬ 
enza  epidemic,  he  was  practicing  in  a  small  western  town  where,  due 
to  overwork,  exposure  and  loss  of  sleep,  he  suffered  a  breakdown,  and 
he  also  developed  influenza.  His  recovery  from  this  condition  was 
slow  and  was  followed  by  the  onset  of  diabetes  mellitus  and  an  asso¬ 
ciated  neuritis,  which  compelled  him,  in  1920,  to  give  up  his  work 
entirely.  Since  that  date  to  the  time  of  his  arrival  in  New  York  for 
gland  transplantation  on  Nov.  20.  1924,  he  had  dissipated  his  entire 
savings  in  seeking  suitable  climatic  conditions  and  sanatorium  treat¬ 
ment  to  improve  his  condition.  Removal  of  his  gall-bladder  in  Roch¬ 
ester,  Minn.,  was  not  followed  by  any  improvement,  and  when  he 
arrived  in  New  York  his  condition  was  such  that  he  was  able  to  ambu¬ 
late  only  with  the  assistance  of  a  crutch  and  cane.  Because  of  his 
condition  I  felt  hesitant  about  operating  and  called  in  consultation 
Dr.  Otto  von  Huffman  and  Dr.  A.  J.  Gelarie  before  proceeding  to 
transplant  testicular  tissue.  On  the  advice  of  these  consultants  the 
transplantation  was  made  on  Nov.  22,  1924.  Within  a  fortnight  the 
patient  made  the  following  report:  “I  have  done  away  with  my 
crutch  and  cane  entirely.  For  the  first  time  in  four  years  I  am  free 
from  pain  and  for  the  first  time  in  many  months  I  have  been  able  to 
concentrate  sufficiently  to  read  a  newspaper,  which  I  have  not  been 
able  to  do  because  of  the  severity  of  my  pain.”  When  the  patient 
came  to  my  office  the  improvement  in  his  appearance  was  so  marked 
that  it  would  have  to  be  seen  to  be  appreciated.  In  spite  of  the  fact 
that  part  of  the  glandular  tissue  underwent  necrosis  after  operation, 
the  results  seemed  to  be  successful.  I  received  a  letter  from  him 
dated  March  9.  1925,  in  which  he  stated  that  he  had  returned  to  his 
practice,  and  that  he  wi.shed  to  have  the  details  of  the  technic  I  had 
used  on  him  as  he  intended  to  transplant  glandular  tissue  in  a  num¬ 
ber  of  cases  he  was  treating. 

Case  4.  Dr.  D.,  aged  52,  a  graduate  of  the  Women’s  Medical  Col¬ 
lege  of  Baltimore,  complained  of  asthenia,  debility,  obesity,  anemia, 
hot  flashes  and  the  usual  symptoms  of  the  menopause.  The  urine 
contained  albumin,  hyaline  casts,  pus  and  epithelial  cells.  The  hemo¬ 
globin  was  75  per  cent;  red  blood  cells.  4,000.000;  leukocytes,  7.000. 
The  pulse  was  65,  the  temperature  97*  F.  The  stools  were  negative. 
A  transplantation  of  ovarian  tissue  from  the  sheep  was  performed 
on  Dec.  6,  1923.  The  results  were  negative  and  the  operation  was 
repeated  on  Oct.  20.  1924.  In  a  letter  dated  March  22,  1925,  this 
woman  physician  writes :  “I  have  noticed  that  this  is  the  first  winter 
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in  the  past  twenty-five  years  that  I  have  not  had  subnormal  tempera¬ 
ture  and  have  consequently  not  suffered  from  cold.  My  pulse  rate 
also  has  been  higher;  it  was  formerly  60  to  65°,  while  it  is  now  74. 
My  blood  hemoglobin  was  65;  it  is  now  87.  My  heart  and  kidneys 
are  both  better.  The  asthenia  is  seldom  present,  and  then  only  fol¬ 
lowing  marked  exertion.  I  am  sleeping  wonderfully  well.  There  is 
no  change  in  the  sex  condition.  Ihe  hot  flashes  have  disappeared.” 
This  patient  has  referred  a  number  of  patients  to  me  from  her  own 
practice.  One  of  these  who  received  gland  transplantation  two  years 
ago  has  referred  her  daughter  to  me  this  year  for  the  same  operation. 

Case  5.  Dr.  E.,  a  man  who  holds  a  chair  at  the  New  York  Post- 
Graduate  Medical  School,  after  submitting  to  gland  transplantation 
on  July  31,  1923,  writes  thus: 

“I.  A  very  marked  increase  in  my  physical  vigor.  Before  the 
transplantation  I  tired  easily  and  recovered  slowly  from  bodily 
fatigue.  This  has  practically  all  disappeared.  I  apparently  can  do 
as  much  as  I  could  thirty  years  ago,  and  even  if  I  do  get  tired  I  rest 
for  fifteen  minutes  and  it  puts  me  right  again. 

“II.  A  marked  increase  in  my  mental  activities.  My  mind 
seems  now  more  active  than  it  was  at  thirty-five  years.  It  has  much 
more  to  work  on  now,  as  I  have  had  much  valuable  experience  in  the 
past  thirty  years.  I  seem  to  be  able  to  grasp  and  solve  problems  more 
readily  than  I  could  as  a  young  man.  It  was  the  diminishing  mental 
and  physical  vigor  which  impelled  me  to  take  the  transplantation. 
I  felt  I  was  getting  to  be  an  old  man.  The  feeling  has  disappeared 
and  I  am  always  ready  for  mental  or  physical  work. 

“III.  Gradually  increasing  sexual  power.  While  this  was  never 
entirely  lost,  I  felt  that  it  was  gradually  diminishing.  It  is  just  as 
surely  gradually  increasing  since  the  transplantation. 

“IV.  I  have  been  practically  bald  for  many  years.  The  hair  is 
beginning  to  come  in  on  the  bald  spot  and  of  its  natural  color. 

“V.  As  a  young  man  I  used  to  enjoy  cold  baths,  but  for  a 
number  of  years  I  have  not  been  able  to  take  these  as  I  did  not  get 
the  proper  reaction.  I  have  gone  back  to  cold  baths  and  get  a  fine 
reaction.  .  .  .” 

Case  6.  Dr.  F.,  a  medical  editor,  writes  the  following  letter  after 
the  operation  of  gland  transplantation  performed  in  September,  1923 : 

“For  many  months  prior  to  the  operation,  I  was  beginning  to  lose 
my  usual  vim  and  vitality.  I  did  not  have  the  energy  to  do  my  work 
and  really  ‘did  not  care  whether  school  kept  or  not.’  I  was  beginning 
to  realize  that  a  condition  simulating  physical  and  mental  hebetude 
was  slowly  tightening  its  grasp  upon  me.  Since  the  operation  I  am 
feeling  more  like  I  used  to  in  the  days  gone  by. 

“My  circulation  has  improved,  my  complexion  is  again  ruddy,  and 
I  am  feeling  as  physically  fit  again  as  I  did  ten  years  ago.” 

Case  7.  Dr.  G.,  aged  40  years,  visiting  surgeon  to  one  of  the 
State  Hospitals  and  attending  surgeon  to  several  general  hospitals, 
was  suffering  with  incomplete  impotence  of  five  years’  duration.  He 
has  made  no  report  following  the  transplantation. 

Case  8.  Dr.  H.,  aged  56  years,  an  American,  married  and  the 
father  of  two  children,  was  operated  on  for  impotence  on  March  28, 
1923.  He  complained  of  great  mental  and  nerve  depression  and 
severe  attacks  of  dizziness  during  the  previous  twelve  months.  The 
laboratory  findings  were  negative.  An  abstract  of  a  letter  written  by 
this  patient  on  March  8,  1924,  reads  thus:  “I  want  to  say  that  I  feel 
in  every  way  that  I  am  a  much  more  satisfactorily  fuunctioning  indi¬ 
vidual  than  before  the  operation.” 

Case  9.  Dr.  I.,  aged  59,  a  member  of  the  American  Medical 
Association  and  on  the  staff  of  a  large  hospital,  complained  of  com¬ 
plete  impotence,  marked  exhaustion,  insomnia  and  sciatic  neuritis. 
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This  patient  had  had  a  Steinach  operation  and  a  previous  trans¬ 
plantation  by  a  western  surgeon  without  results.  A  transplantation 
was  performed  on  this  man  on  June  17,  1924.  The  gland  within  five 
days  sloughed  away  and  no  further  transplantation  was  performed. 

The  next  five  cases  include  three  wives  and  two  sisters  of 
physicians. 

Case  10.  Mrs.  J.,  aged  46,  American,  the  wife  of  a  retired 
physician  (Harvard  graduate),  following  ovariotomy  performed  five 
years  previously,  entered  upon  an  aggravated  menopause.  She 
developed  mental  symptoms,  frigidity,  claustraphobia,  marked  phy¬ 
sical  weakness,  aggravated  insomnia,  gastric  and  intestinal  atony 
and  consequent  indigestion.  With  the  development  of  these  symp¬ 
toms  the  husband  placed  his  wife  on  increasing  doses  of  ovary,  and, 
on  large  doses,  some  improvement  in  the  general  condition  was  noted, 
sufficient  to  make  the  husband  feel  that  gland  transplantation  might 
give  complete  relief.  This  operation  was  performed  on  August  31, 
1923.  A  point  of  particular  interest  in  this  case  is  that  it  shows  that 
the  results  were  in  no  way  due  to  any  psychic  effect.  At  the  time  of 
the  operation,  feeling  that  this  patient  was  entirely  lacking  in  ovarian 
secretion  on  account  of  her  ovariotomy,  it  seemed  well  to  support  the 
gland  tissue  by  the  continuance  of  ovarian  secretion  given  hypo¬ 
dermically,  I  therefore  advised  the  doctor  to  continue  this  ovarian 
secretion,  even  doubling  the  dose.  This  was  done,  and  forty-eight 
hours  after  the  transplantation  the  hot  flashes  and  claustraphobia 
had  disappeared.  The  patient  then  stated  that  she  did  not  see  how 
she  could  ever  have  experienced  the  claustraphobia.  This  almost 
immediate  effect  which  is  seen  in  so  many  cases  is  probably  due  to  a 
certain  amount  of  free  secretion  being  absorbed  immediately  after 
the  transplantation.  These  immediate  effects  are  often  seen  whether 
the  gland  undergoes  later  necrosis  and  sloughs  out  or  remains.  The 
week  following  the  transplantation  the  patient  came  to  the  office  for 
a  dressing  and  stated  that  she  was  afraid  the  transplant  was  not  a 
“take.”  as  she  was  again  suffering  from  the  same  svmptoms  she  had 
had  before  the  operation.  She  was  laid  on  the  table  and  when  the 
dressing  was  removed  the  gland  had  worked  out  and  was  found  to  be 
adherent  to  the  gauze.  In  answer  to  the  patient’s  query  as  to  whether 
the  gland  was  a  “take”  or  a  “non-take,”  I  informed  her  that  without 
question  it  was  a  “take.”  Stepping  into  the  next  room,  I  explained  to 
the  husband  that  the  gland  had  sloughed  out  and  that  he  should  pre¬ 
pare  his  wife  for  another  transplantation.  The  thought  I  had  in  mind 
when  I  told  the  patient  that  the  operation  was  a  success  was  that  if 
there  was  anything  in  her  psychic  attitude  that  would  influence  her 
symptoms  I  did  not  want  to  destroy  it.  The  husband  expressed  his  ap¬ 
preciation  of  the  way  in  which  I  had  handled  the  matter.  He  said  that 
he  believed  the  shock  of  knowing  that  there  had  been  a  “non-take” 
would  have  influenced  his  wife  against  further  transplantation, 
as  well  as  upsetting  her  mental  condition.  Withm  twentv-four  hours 
after  the  patient  left  the  office  all  the  symptoms  had  returned  in  their 
old  aggravated  form,  and  this  in  spite  of  the  fact  that  the  ovarian 
extract  was  being  given  in  double  the  dosage  that  it  had  been  given 
previously,  and  regardless  of  the  fact  that  the  patient  felt  that  the 
transplantation  had  been  a  success. 

A  second  and  successful  transplantation  was  made  on  November 
9,  1923.  The  effects  of  this  transplantation  lasted  until  March  25. 
1925,  when  another  successful  transplantation  was  made.  The  relief 
from  this  operation  lasted  until  the  following  October.  A  fourth 
transplantation  was  made  on  October  6,  which  gave  relief  which  con¬ 
tinued  until  May.  1924.  A  fifth  transplantation  was  performed  on 
May  24,  1925,  which  has  been  successful  in  maintaining  an  improve¬ 
ment  in  the  patient’s  condition. 
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It  is  of  course  evident  that  as  there  are  no  ovaries  present  the 
transplanted  gland  must  supply  all  the  ovarian  hormone  that  the 
patient’s  organism  called  for  and  that  the  transplanted  gland  supplied 
this  for  a  period  of  about  six  months,  an  unusually  short  period  of 
time,  but  not  short  considering  the  absence  of  normal  ovarian  secre¬ 
tion.  This  is  an  instructive  case  from  many  angles. 

Case  11.  Mrs.  K.,  aged  46,  married,  the  wife  of  a  California 
physician  specializing  in  pediatrics,  the  mother  of  one  son,  gave  an 
unusual  menstrual  history.  She  began  menstruating  at  the  age  of  22 
years,  the  flow  lasting  only  half  a  day.  She  frequently  suffered  from 
a  partial  amenorrhea  extending  over  a  period  of  from  a  few  months 
to  several  years,  until,  at  the  age  of  thirty-five,  she  was  operated 
upon,  having  one  ovary  completely  and  the  other  partially  excised. 
The  operation  seemed  to  make  little  difference  in  her  menstrual  con¬ 
ditions.  Three  years  before  transplantation  was  done  menstruation 
had  disappeared  entirely.  On  Jan.  22,  1925,  an  ovary  was  trans¬ 
planted,  but  as  there  were  no  apparent  results,  within  three  weeks 
another  transplantation  was  done,  on  February  17th.  Following  this 
operation  the  patient  began  to  menstruate  normally.  She  stated  that 
it  was  the  first  normal  menstruation  she  had  ever  experienced,  the 
flow  lasting  four  days.  The  patient  continued  to  menstruate  regu¬ 
larly  and  normally  until  Sept.  9,  1925,  when  she  stated  that  meno¬ 
pausal  symptoms  had  reappeared.  Two  ovaries  were  then  implanted, 
after  which  all  the  patient’s  menopause  symptoms  cleared  up.  The 
vasomotor  disturbances  (hot  flashes)  disappeared,  and  there  was  a 
reduction  of  about  18  pounds  in  weight. 

The  above  cases  have  been  selected  for  report  because  the 
technical  training  of  the  patients  renders  their  statements  more 
convincing  than  those  of  lay  patients.  The  small  number  of 
cases  included,  of  course,  renders  any  valid  statistical  deduc¬ 
tions  impossible.  Of  the  total  305  transplantations  made,  many 
patients  have  shown  results  infinitely  more  singular  than  those 
above  (pioted.  These  cases  will  be  reported  at  a  later  date. 

In  1920,  when  my  meditations  and  reflections  on  this  sub¬ 
ject  caused  me  to  test  gland  transplantation,  I  did  so  with  my 
eyes  open.  I  knew  the  profession  usually  pronounces  against 
novelty.  I  knew  failure  would  invite  ridicule  rather  than  criti¬ 
cism.  In  consequence,  for  several  years  I  nursed  my  theories  in 
loneliness  and  my  results  in  silence  until  I  was  invited  to  read  a 
I)aper  on  the  subject  before  the  Medical  Editors’  Association 
during  the  1923  Congress  of  Surgeons  in  Chicago.  A  laborer’s 
work  is  often  more  interesting  than  the  laborer.  The  gracious 
enthusiasm  and  courtly  criticism  of  that  society  of  learned  and 
polished  minds,  encouraged  me  to  further  research — to  come  out 
of  my  trench  as  it  were  into  “no  man’s  land” — to  stand  by  my 
beliefs  and  avoid  defrauding  of  due  esteem,  results  that,  in  some 
instances,  are  to  say  the  least,  singular  and  remarkable. 
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THE  PANCREAS  AND  TUBERCULOSIS 


LOUISE  G.  ROBINOVITCH,  B.  es  L.,  M.  D. 

GEO.  W.  STILES,  JR.,  B.S.,  Ph.D.,  M.  D.,  and  C.  F.  PAYNE 

From  the  Chemical  Laboratories  of  the  Colorado  State 
School  of  Mines, 

GOLDEN,  COLORADO 

During  the  years  1921-1925,  while  autopsying  guinea  pigs 
that  had  died  of  tuberculosis,  the  senior  author  noticed  that  the 
pancreas  remained  free  of  the  diseace,  maeroscopically,  even 
when  the  lungs,  liver  and  spleen  were  severely  degenerated  by 
the  tubercle  bacilli ;  occasionally  there  seemed  to  be  an  enlarged 
lymphatic  gland  along  the  margin  of  the  pancreas,  but  no  seri¬ 
ous  tuberculous  lesion  seemed  to  exist  in  the  glandular  tissue 
itself.  All  these  autopsies,  over  two  hundred  in  number,  were 
made  in  the  U.  S.  Bureau  of  Animal  Industry,  Denver,  Colo¬ 
rado.  Dr.  Robinovitch  asked  Dr.  Stiles  to  add  his  observation 
to  hers  when  her  tuberculous  guinea  pigs  were  being  autopsied. 
Dr.  Stiles  checked  up  these  findings  and  failed  to  observe  any 
tuberciilous  lesions  of  the  pancreas  of  the  guinea  pigs  that  had 
died  of  tuberculosis.  Dr.  Robinovitch  then  asked  the  Inspector 
in  charge  of  Field  Work,  Dr.  W.  E.  Howe,  U.  S.  Bureau  of 
Animal  Industry,  Denver,  Colorado,  to  make  inquiry  at  the  U. 
S.  Bureau  of  Animal  Industry,  Washington,  D.  C.,  and  at  the 
Denver  Division  of  Meat  Inspection,  Denver,  regarding  tuber¬ 
culosis  of  the  pancreas  in  cattle  and  in  hogs.  The  reply  from 
Washington  reached  here  June  15,  1925.  Its  substance  was  as 
follows : 

“It  is  not  recalled  that  tuberculosis  of  the  pancreas  has 
been  reported  on  M.  I.  Form  112-F,  although  it  is  possible  that 
such  infections  have  been  recorded  by  post-mortem  inspections.” 

The  substance  of  the  letter  from  Dr.  Payne,  dated  May  14, 
1925,  was: 

“ . you  are  advised  that  we  have  caused  careful 

examination  to  be  made  of  all  pancreatic  glands  from  hogs  and 
cattle  carcasses  retained  for  tuberculosis  at  the  station  for  a 
period  of  thirty  days,  and  failed  to  find  a  single  instance  where 
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the  glands  were  affected  with  tuberculosis.  This  report  is  based 
in  all  cases  on  the  usual  macroscopic  examination. 

“During  this  test  we  examined  the  pancreatic  glands  from 
forty-nine  cattle  and  two  thousand  one  hundred  and  twenty- 
four  hogs.” 

To  make  sure  that  no  gross  mistake  has  crept  into  her  ob¬ 
servations,  Dr.  Robinovitch  made  a  further  appeal  to  Dr.  Howe 
for  additional  observations  by  Dr.  Payne.  The  appended  ex¬ 
tract  from  a  letter  from  Dr.  Payne,  dated  July  21,  1925,  again 
confirmed  Dr.  Robinovitch ’s  findings: 

.  .  .  we  have  examined  during  the  past  thirty  days 
the  pancreatic  glands  from  all  hogs  and  beef  carcasses  retained 
on  account  of  tuberculosis,  and  failed  to  find  any  that  were 
affected  wdth  tuberculosis.  This  report  is  based  on  the  examina¬ 
tion  of  the  pancreatic  glands  macroscopically. 

“During  this  period  we  examined  the  pancreatic  glands 
from  one  hundred  and  thirty-one  cattle  and  one  thousand  six 
hundred  and  forty-three  hogs  which  had  been  retained  on  ac¬ 
count  of  tuberculosis.” 

It  is  evident,  therefore,  that  tuberculosis  of  the  pancreas 
is  a  rare  occurrence  in  animals. 

TUBERCULOSIS  OF  THE  PANCREAS  IN  HUMAN  BEINGS 

VanValzah  (1)  reported  one  ease  of  tuberculosis  of  the 
pancreas  out  of  two  hundred  autopsies  on  tuberculous  subjects. 
A  comprehensive  review  of  the  literature  on  the  subject  is  given, 
showing  the  marked  rarity  of  tuberculosis  of  the  pancreas  in 
human  beings. 

It  seems  further,  then,  that  tuberculosis  of  the  pancreas  is 
a  rare  disease  in  human  beings  as  well  as  in  animals. 

May  18,  1923,  an  experimental  study  was  published  (2) 
dealing  with  the  chemical  effect  of  lipase  and  insulin  on  the 
waxy  coating  of  the  tubercle  bacillus ;  the  lipase  with  the  accom¬ 
panying  small  percentage  of  insulin  was  obtained  from  the  pan¬ 
creas.  A  more  detailed  study  of  the  chemical  effect  of  lipase 
and  the  accompanying  small  percentage  of  insulin  was  published 
by  Robinovitch  and  Stiles  (3),  dealing  with  the  chemical  effect 
of  lipase  and  insulin  on  the  waxy  coating  of  the  tubercle  bacillus. 
It  was  shown  by  numerous  experiments  in  that  study  that  lipase 
or  steapsin  (and  to  some  extent  insulin)  contained  in  the  pan- 
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creas  act  as  hydrolyzing  agents-  of  fat  and  wax ;  and  that  the 
waxy  coating  of  the  tubercle  bacillus  is  readily  hydrolyzed  by 
the  lipase  of  the  pancreas.  This  destructive  effect  on  the  tubercle 
bacillus,  caused  by  the  lipase  of  the  pancreas  (and  to  some  ex¬ 
tent  by  the  insulin)  explains  the  marked  immunity  of  the  pan¬ 
creas  against  infection  with  tuberculosis.  It  was  stated  in  that 
study  that  the  results  of  tests  with  lipase  and  insulin  on  tuber¬ 
culous  animals  would  be  reported  when  a  sufficiently  large  num¬ 
ber  of  cases  are  collected. 


COXCLl’SIOXS 

1.  The  defensive  agent  of  the  pancreas  against  the  tubercle 
bacillus  in  animals  and  in  man  has  been  demonstrated  in  the 
above  studies  to  consist  essentially  of  the  lipase  or  steapsin  (and 
to  some  extent  of  the  insulin)  in  the  pancreas. 

2.  The  lipase  or  steapsin  contained  in  the  pancreas  or  in 
any  part  of  the  body  is  a  defensive  agent,  in  animals  and  in  man, 
against  the  tubercle  bacillus. 

3.  It  is  possible  that  persons  contracting  tuberculosis  are 
subject  to  a  deficiency  of  lipase  in  their  systems. 

Dr.  Robinovitch  takes  great  pleasure  in  expressing  her  in¬ 
debtedness  to  President  M.  F.  Coolbaugh,  of  the  School  of  Mines, 
for  having  given  her  facilities  at  the  School  to  continue  her 
work.  She  also  expresses  her  deep  obligation  to  Dr.  W.  E.  Howe 
for  his  great  help  in  this  work. 
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THE  NUMBER  OF  ISLETS  OF  LANGERHANS  IN  THE 
PANCREAS  OF  THE  ALBINO  RAT 


MILTON  D.  OVERHOLSER 
Department  of  Anatomy,  University  of  Missouri 

The  purpose  of  this  work  was  to  determine  the  relation  of 
age  to  the  total  number  of  islets  of  Langerhans  in  the  pancreas 
of  the  albino  rat. 

Several  investigators  have  made  counts  of  the  islets  in  pan¬ 
creases  of  various  animals  in  studying  the  process  by  which  nor¬ 
mal  regulation  of  the  islet  content  of  the  pancreas  is  main¬ 
tained.  Prior  to  1911  our  knowledge  of  the  number  of  the 
islets  was  based  upon  estimations  from  partial  counts  by  the 
section  method.  Since  it  was  impossible  to  examine  and  count 
the  islets  in  a  complete  series  of  sections  of  the  whole  pancreas 
these  studies  produced  only  relative  and  computed  numbers. 

By  this  method  Opie  (’OOi  obtained  a  numerical  statement 
of  the  relative  abundance  of  the  islets  in  different  portions  of 
the  human  pancreas.  He  counted  the  number  in  sections  of 
0.5  s(piare  centimeters  fi’om  the  enlarged  duodenal  portion  or 
head,  from  the  mid-portion  or  body  and  from  the  splenic  end 
or  tail.  The  average  number  of  islets  in  such  a  section  from 
the  head,  body  and  tail  of  ten  normal  organs  was  18.3,  19.0 
and  34.0  respectively.  Scpiaring  these  numbers  to  obtain  cubic 
units,  he  found  the  islets  to  be  slightly  less  than  three  and  a 
half  times  as  numerous  in  the  tail  as  elsewhere. 

Dewitt  (’06)  carried  out  an  extensive  investigation  on  the 
morphology  and  histology  of  the  islets  by  studying  serial  sec¬ 
tions  of  injected  and  uninjected  preparations  of  j^ancreas  of 
man,  cat,  rabbit,  guinea  pig,  frog  and  dove.  She  made  no  com¬ 
puted  counts  of  the  total  number  of  islets,  but  gave  only  tbe 
average  number  of  islets  per  square  millimeter,  the  average  vol¬ 
ume  of  the  islets,  and  the  percent  of  islet  tissue  in  the  various 
pancreases  studied. 

The  human  pancreases  studied  by  Dewitt  included  organs 
from  a  new  born  infant,  a  four  year  old  child,  and  a  normal 
adult.  She  stated  that  the  average  size  in  the  adult  was  actually 


493 


494 


ISLETS  OF  LANGERHANS  IN  RAT 


greater  than  in  either  of  the  other  cases,  while  in  the  four  year 
old  child  it  was  greater  than  in  the  new  born  infant.  More¬ 
over,  in  the  four  year  old  child  the  proportion  of  islet  to  acinus 
tissue  was  much  greater  than  in  either  of  the  others.  She  found 
the  islets  generally  larger  and  more  numerous  in  the  central 
portion  of  the  pancreas,  especially  in  the  dove,  guinea  pig  and 
rat. 

Bensley  (’ll)  applied  new  methods  of  accurate  enumera¬ 
tion  to  the  islets  of  Langerhans  in  the  pancreas  of  the  guinea 
pig.  He  stained  the  pancreas  by  injecting  solutions  of  neutral 
red  and  janus  green  in  the  aorta  after  the  animal  had  been 
killed  by  bleeding.  A  lobule  of  the  pancreas  stained  with  neu¬ 
tral  red  and  mounted  in  normal  salt  solution  under  a  cover  glass 
showed  the  islets  stained  an  intense  yellow  red,  while  the  rest 
of  the  pancreas  was  a  faint  rose  tint;  the  janus  green  stain 
showed  the  islets  deeply  blue  on  a  red  background.  By  means 
of  the  neutral  red  method  Bensley  made  actual  total  counts  of 
the  islets  in  sixty-five  normal  resting  pancreases  from  guinea 
pigs.  There  was  great  variation  in  the  total  number,  the  counts 
ranging  from  13,318  to  56,722. 

Clark  (’13)  made  counts  of  the  islets  in  seven  human  pan¬ 
creases  by  Bensley ’s  neutral  red  method.  Thin  free  hand  slices 
were  cut  with  a  razor  from  different  parts  of  the  head,  tail,  and 
body.  Pieces  from  each  of  these  sections  were  mounted  in  Rin¬ 
ger’s  solution  and  the  islets  counted.  From  relative  weights 
the  total  number  and  relative  distribution  of  islets  were  calcu¬ 
lated.  The  following  table  of  his  results  is  quoted  for  the  pur¬ 
pose  of  comparing  it  with  the  figures  obtained  in  the  present 
investigation : 

TABLE  1 

Counts  of  Islands  of  Langerhans  in  the  Normal  Human  Pancreas — 

Clark 


Age  in 
years 

Body 

weight 

in 

lbs. 

Sex 

Estimated 
total  number 
of  islands 
in  pancreas 

Approx,  no. 
of  islands 
per  gm.  wt. 
of  person 

Weight, 

of 

pancreas 
in  gma. 

Average  no. 
per  mg.  of 
fresh 
pancreas 

34 

130 

M 

353,765 

103. 

24 

140 

M 

1,760,000 

87. 

20.23 

H 

12.1 

F 

120,323 

5.582 

21.55 

22 

105 

F 

1,534,085 

82.7 

18.55 

45 

125 

M 

737,469 

13.0 

53.705 

14.39 

29 

135 

M 

662,166 

10.8 

61.511 

10.76 

45 

150 

M 

208,369 

3.0 

55.923 

3.72 
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METHOD 

In  the  present  investigation,  Bensley’s  neutral  red  method 
was  used  to  stain  the  islets  of  Langerhans.  The  animal  was 
anesthetized,  the  abdomen  opened  and  the  lower  end  of  the 
aorta  and  inferior  vena  cava  cut  to  secure  thorough  bleeding. 
Immediately  after  death  the  thorax  v%as  opened  and  a  glass  can¬ 
nula  inserted  and  tied  in  the  aorta.  The  cannula  was  then  con¬ 
nected  by  a  rubber  tube  with  an  elevated  Wolff  bottle  and,  by 
means  of  gravity,  neutral  red,  one  part  in  15,000  of  isotonic 
salt  solution,  was  injected.  The  cut  ends  of  the  aorta  and 
inferior  vena  cava  were  clamped  off  to  prevent  escape  of  the  in¬ 
jection  fluid.  The  pancreas  took  on  a  rose  tint  within  a  few 
minutes,  and  the  injection  was  stopped  after  a  sufficient  depth 
of  color  was  obtained.  The  time  required  to  stain  the  pancreas 
sufficiently  varied  from  fifteen  to  thirty  minutes,  and  it  was 
extremely  important  that  the  injection  be  stopped  at  the  right 
time,  otherwise  overstaining  or  understaining  resulted  and  the 
preparation  had  to  be  discarded. 

In  the  case  of  the  animals  less  than  one  week  in  age,  the 
above  procedure  was  changed  somewhat.  The  head  and  one 
hind  leg  were  cut  off  to  produce  free  bleeding.  A  very  fine 
glass  cannula,  supported  by  an  adjustable  stand  and  manipu¬ 
lated  under  the  low  power  of  the  binocular  dissecting  scope, 
was  required  to  cannulate  the  aorta.  No  attempt  was  made  to 
clamp  off  the  ends  of  the  cut  vessels  as  the  leakage  was  com¬ 
paratively  slow  and  did  not  interfere  with  a  good  injection. 
It  was  necessary  to  allow  the  injection  to  run  from  one  hour 
to  an  hour  and  a  half  to  insure  sufficient  staining  of  the  islets. 

In  removing  the  pancreas  the  stomach,  intestine  and  spleen 
were  also  taken  out  en  masse.  The  intestines  were  cut  away 
with  the  exception  of  part  of  the  duodenum  and  transverse  colon 
which  have  a  portion  of  the  pancreas  embedded  in  their  mesen¬ 
teries.  The  stomach  was  then  emptied  of  its  contents  and  the 
preparation  pinned  out  in  normal  salt  solution  on  a  paraffin  bot¬ 
tomed  petri  dish. 

The  pancreas  was  then  divided  into  three  major  portions: 
(1)  duodenal,  that  part  on  the  right  of  a  line  following  the 
portal  vein  from  the  junction  of  the  splenic  and  superior  mesen¬ 
teric  veins  to  the  point  at  which  it  passes  behind  the  first  part 


496 


ISLETS  OF  LANGERHANS  IN  RAT 


of  the  duodenum;  (2)  splenic,  that  part  on  the  left  of  a  line 
])as.sing  from  the  junction  of  the  splenic  and  superior  mesenteric 
veins  along  the  left  border  of  the  omental  portion  of  the  pan¬ 
creas;  and  (3)  mid-portion,  the  rest  of  the  pancreas  between 
these  two  lines. 

Each  division  was  cut  up  into  portions  about  five  milli¬ 
meters  sfiuare  and  of  the  thickness  of  single  lobxdes  which  were 
mounted  in  normal  salt  solution  under  a  cover  glass.  Such 
preparations  examined  under  the  high  power  of  the  dissecting 
binocular  showed  the  islets  of  Langerhans  stained  yellow  red, 
while  the  rest  of  the  pancreas  showed  a  faint  rose  tint.  The 
islets  in  each  piece  were  then  counted,  a  mechanical  stage  being 
u.sed  to  prevent  omission  or  overlapping  of  the  fields.  The  pieces 
were  collected  from  the  slides  as  rapidly  as  the  counts  were  com¬ 
pleted  and  again  placed  in  normal  salt  solution,  the  pieces  be¬ 
longing  to  the  major  divisions  of  the  pancreas  being  kept  sepa¬ 
rate.  After  the  total  count  was  comjjleted  the  pieces  were 
pressed  lightly  between  layers  of  filter  paper  to  remove  excess 
salt  solution  and  weighed. 

The  stain  was  not  permanent  and  exclusion  of  oxygen  from 
the  preparation  as  occurred  in  the  ease  of  the  mounted  pieces 
hastened  the  reduction  of  the  dye.  The  stain  first  disappeared 
from  the  acinus  tissue,  so  that  a  certain  amount  of  reduction 
was  favorable,  especially  in  slightly  overstained  pancreases,  as 
it  left  the  islets  more  sharply  differentiated.  The  inevitable  i*e- 
duction  of  the  dye,  however,  l)egan  to  overtake  the  smaller  islets 
in  three  to  four  hours,  so  the  time  for  making  the  counts  was 
limited.  The  pieces  of  pancreas  were  mounted  as  needed  and  it 
was  iisually  possible  to  complete  the  count  in  the  entire  pancreas 
within  three  or  four  hours. 

The  chief  sources  of  error  in  this  method,  as  pointed  out  by 
Hensley,  were  due  (1)  to  overstaining  of  the  zymogen  granules 
which  obscured  the  smaller  islets,  (2)  to  the  high  refractive 
index  of  the  zymogen  granules  making  the  pieces  less  transpar¬ 
ent,  and  (3)  to  the  error  in  comparative  weighing,  owing  to 
different  amounts  of  salt  solution  being  abstracted  from  the 
pieces  in  different  cases.  The  latter  error  might  have  been  con¬ 
siderable  if  several  workers  bad  been  preparing  the  material  for 
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weighing,  but  in  the  hands  of  a  single  worker  following  a  defi¬ 
nite  routine,  the  results  should  be  fairly  accurate. 

The  results  obtained  in  forty-four  animals  are  recorded. 
These  animals  may  be  classed  as  follows :  ( 1 )  eleven  whose  exact 
ages  were  not  known  but  ranged  between  ninety  and  one  hun¬ 
dred  and  fifty  days  were  from  mixed  litters  obtained  outside  the 
laboratory;  (2)  twenty-three  were  from  four  litters  raised  in  the 
laboratory  and  of  ages  ranging  from  two  to  eighty-five  days;  (3) 
eight  W’ere  from  seven  litters  raised  in  the  laboratory  and  of 
ages  ranging  from  one  to  forty-two  days;  (4)  two  from  the  Wis- 
tar  Institute  w'ere  eight  hundred  and  sixty-four  and  nine  hun¬ 
dred  and  one  days  old  respectively. 

PRESENTATION  OF  DATA 

Table  2  shows  the  data  arranged  according  to  a  progressive 
increase  in  the  body  weights  of  the  animals  since  the  exact  age 
of  some  was  not  known.  The  increase  in  body  weight  corre¬ 
sponds,  of  course,  in  a  general  way,  with  increase  in  age ;  there¬ 
fore  comparisons  of  the  total  number  of  islets  with  body  weight 
or  age  can  readily  be  made  from  this  table. 


GRAPH -1 


Graph  1  shows  the  relation  of  the  total  number  of  islets  to 
the  ages  of  the  animals.  In  plotting  the  results  of  tl>e  eleven 
animals  whose  ages  were  between  ninety  and  one  hundred  and 
fifty  days  the  mean  age  of  one  hundi’cd  and  twenty  days  and  the 
average  of  the  total  numbers  were  taken.  The  curve  shows  that 
during  the  first  twenty  days  of  life  the  number  of  islets  rapidly 
increases  and  then  maintains  a  maximum  value  for  the  next 
thirty  days.  From  this  point  (fifty  days)  there  begins  a  slight 
decrease  which,  however,  apparently  continues  only  for  the  next 
fifty  or  seventy-five  days. 
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TABLE  2 

Entire  Data  Arranged  According  to  a  Progressive  Increase  in  the 
Weights  of  the  Animals 


Wt. 

in 

gms. 

Age 

in 

days 

Sex 

Wt.  of 
pancreas 
in  mgs. 

Total 
no.  of 
islets 

No.  of 
islets 
per  mg.  of 
pancreas 

No.  of 
islets 
per  gm. 
body  wt. 

No.  of 
divisio 

D 

slets  per 
ns  of  par 

M 

mg.  in 
creas* 

s 

4 

IBB 

373 

5 

M 

15 

106 

350 

8 

9 

125 

6 

M 

14 

108 

276 

105 

138 

97 

6 

M 

12 

2,002 

167 

333 

146 

162 

182 

8 

M 

18 

1,995 

110 

235 

116 

133 

94 

11 

F 

30 

2,199 

72 

191 

67 

81 

72 

16 

F 

49 

3,618 

75 

226 

57 

81 

89 

17 

14 

F 

34 

3,417 

99 

195 

95 

117 

95 

22 

21 

F 

111 

3,606 

32 

160 

27 

32 

37 

32 

28 

F 

208 

9,571 

46 

294 

41 

48 

49 

33 

21 

M 

115 

6,089 

53 

183 

45 

59 

56 

40 

17 

M 

86 

12,628 

147 

312 

134 

163 

150 

44 

35 

M 

281 

9,494 

34 

216 

31 

37 

35 

48 

24 

F 

275 

8,530 

31 

178 

22 

46 

32 

48 

35 

M 

270 

2,938 

11 

61 

8 

10 

14 

49 

28 

F 

295 

9,090 

31 

185 

29 

53 

27 

50 

28 

M 

212 

8,693 

41 

174 

30 

64 

41 

64 

35 

F 

376 

9,082 

24 

142 

22 

33 

23 

64 

56 

F 

390 

5,985 

15 

93 

11 

19 

18 

64 

49 

M 

387 

9,784 

25 

152 

21 

33 

26 

72 

28 

F 

488 

9,035 

18 

125 

13 

26 

20 

73 

31 

F 

458 

6,875 

15 

94 

13 

15 

17 

88 

63 

F 

628 

5,282 

8 

60 

6 

11 

9 

109 

40 

M 

620 

14,579 

23 

134 

18 

26 

27 

113 

51 

M 

631 

7,819 

12 

69 

12 

14 

12 

115 

85 

M 

557 

8,750 

16 

76 

12 

21 

17 

116 

42 

F 

828 

6,938 

8 

71 

7 

10 

9 

118 

58 

F 

832 

8,329 

10 

70 

7 

10 

12 

142 

M 

697 

5,727 

8 

40 

8 

8 

8 

144 

80 

M 

677 

11,126 

16 

77 

11 

13 

21 

154 

F 

613 

4,314 

28 

7 

9 

KB 

164 

70 

M 

599 

6,461 

39 

7 

12 

166 

F 

670 

10,048 

60 

14 

22 

KB 

169 

65 

M 

859 

5,962 

35 

7 

7 

173 

M 

572 

6,009 

35 

9 

8 

175 

.M 

485 

8,684 

18 

50 

14 

22 

184 

M 

627 

4,915 

8 

27 

5 

9 

kB 

189 

M 

639 

6,636 

35 

10 

13 

Bfl 

198 

M 

518 

5,794 

29 

6 

14 

kB 

198 

F 

917 

6,422 

32 

6 

6 

■a 

216 

M 

742 

4,548 

21 

4 

8 

HIB 

266 

864 

M 

779 

7,654 

29 

9 

10 

KB 

316 

M 

1,053 

5,024 

5 

16 

3 

4 

HB 

364 

W1 

M 

949 

4,595 

5 

13 

4 

5 

•  D — Duodenal  portion.  M — Mid-portion.  S — Splenic  portion. 
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Graph  2.  Relation  of  number  of  islets  to  body  weights  of  animals; 
table  2. 
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Graph  2  shows  the  relation  of  the  number  of  islets  to  the 
body  weights  of  the  animals.  The  rapid  increase  in  the  number 
of  islets  up  to  the  twenty-five  or  thirty  gram  animal  correspond¬ 
ing  w'ith  the  first  twenty  days  of  life  is  clearly  shown.  The 
maximum  is  then  maintained  up  to  seventy-five  or  one  hundred 
grams  with  the  decrease  then  occurring  up  to  the  one  hundred 
and  eighty  or  two  hundred  gram  animal. 


GRAPH -3 


body  weights  of  animals;  table  2. 


Graph  3  shows  the  relation  of  the  number  of  islets  per  gram 
body  weight  to  the  weights  of  the  animals.  There  is  a  rapid  de¬ 
crease  in  the  number  wfith  increase  in  body  weight  up  to  the  one 
hundred  and  twenty  gram  animal.  From  this  point  a  slow  de¬ 
crease  occurs  with  advancing  body  weight. 


GRAPH -4 


Graph  4.  Relation  of  number  of  islets  per  milligram  of  pancreas  to 
body  weights  of  animals;  table  2. 
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Graph  4  shows  the  relation  of  the  number  of  islets  per 
milligram  of  pancreas  to  the  body  weights  of  the  animals.  The 
nuniher  rapidly  decreases  up  to  the  sixty  gram  animal,  a  very 
slow  fall  then  continuing  with  advancing  body  weight. 

The  above  curves  show  that  although  the  islets  increase  in 
number  to  a  certain  extent  in  the  growing  pancreas,  the  number 
per  milligram  of  pancreas  and  per  gram  body  weight  decreases 
with  the  growth  of  the  animal. 

The  rapid  decrease  in  the  number  of  islets  per  milligram  of 
pancn'as  occurring  up  to  the  sixty  gram  animal,  followed  by  a 
slow  decrease  with  advancing  body  weight,  indicates  that  in  the 
growing  pancreas  for  the  first  forty  or  fifty  days  there  is  a  much 
more  rapid  increase  in  acinus  tissue  than  in  the  formation  of 
new  islets.  Since  the  period  of  the  maximum  number  of  islets 
ends  at  about  this  age  (fifty  days)  the  continued  slow  fall  in  the 
number  per  milligram  of  pancreas  is  due  both  to  the  slight  de- 
(*rease  in  the  total  number  of  islets  and  the  slower  increase  of 
acinus  tissue  during  the  remaining  growth  period  of  the  pan¬ 
creas. 

It  is  realized  that  mere  total  numbers  of  islets  cannot  be  an 
exact  guide  to  the  relative  amount  of  islet  tissue  present  in  the 
pancreas  at  any  time  during  the  life  of  the  animal.  The  size  of 
the  islets  is  highly  variable  and  without  doubt  an  increase  or 
decrease  in  the  absolute  amount  of  islet  tissue  may  occur  without 
a  corre.sponding  increa.se  or  decrease  in  total  number.  It  should 
be  jmssible  to  devise  a  method  whereby  the  absolute  amount  of 
islet  tissue  in  the  pancreas  can  be  determined  for  the  entire  life 
cycle  of  the  animal.  Jleanwhile  the  above  results  on  total  num¬ 
bers  may  be  of  some  use  and  interest.  They  compare  favorably 
with  Clark’s  results  in  the  human  pancreas.  By  referring  to  his 
table,  quoted  above,  it  will  be  seen  that  he  obtained  a  low  count 
in  the  one-half  year  old  child,  a  very  high  count  in  two  young 
adults  twenty-two  and  twenty-four  years  old,  and  a  lower  count 
in  each  of  four  adults  of  an  average  age  of  thirty-eight  years. 

Figures  lA,  IB  and  1C  show  the  variability  of  the  size  of 
the  islets  and  the  high  number  per  unit  of  pancreas  occurring  in 
an  animal  two  days  old.  Figures  2A,  2B  and  2C  show  that  in  a 
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thirty-five  day  animal  the  number  of  islets  per  unit  of  pancreas 
is  much  lower  than  in  the  two  day  animal.  The  total  number  of 
islets,  how«‘ver.  is  much  higher  in  the  former  animal  than  in  the 
latter. 


Figures  lA,  IB,  1C. — ranoreas  of  a  I’-Uay  animal.  Letters  A,  B,  C 
refer  to  duodenal,  middle  and  splenic  portions  of  tlie  pancreas,  respec¬ 
tively. 

All  drawings  were  made  with  a  camera  lucid.-i  from  preparations 
similar  to  those  in  which  the  total  counts  of  the  islets  were  made. 
Acinus  tissue,  stippled;  Islet  tissue,  solid  black.  Magnification  X  18. 


SL’MMAKY 


I'siiig  Hensley’s  method  of  .staining  the  islets  by  injecting 
neutral  red  in  the  aorta,  eounts  of  the  total  number  of  islets  in 
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the  pancreases  of  forty-four  albino  rats,  ranging  in  ages  fi’om 
one  to  nine  hundred  and  one  days,  were  made.  The  results  may 
be  grouped  according  to  the  following  age  classes  of  the  animals. 

The  average  number  of  islets  per  milligram  of  i)ancreas  and 
per  gram  body  weight  for  each  elasi^  and  for  all  of  the  counts 
was  as  shown  in  the  following  table. 


Figures  2.\,  2B.  20.— Pallet eas  of  a  S'l-day  animal. 


The  average  number  of  islets  per  milligram  in  the  major 
divisions  of  the  ])anereas  for  each  class  and  for  all  of  the  counts 
was  as  follows. 


CONCLUSIONS 

The  absolute  number  of  islets  in  the  pancreas  of  the  albino 
rat  is  variable  yet,  in  a  general  way.  the  numl>er  markedly  in- 
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creases  during  the  first  20  days  of  life,  then  reaches  and  main¬ 
tains  a  maximum  value  for  the  next  30  days.  From  this  point 
there  begins  a  slight  decreas(‘  with  advancing  age,  apparently 
reaching  a  level  in  animals  90  to  150  days  old  which  is  main¬ 
tained  in  animals  880  days  of  age. 

TABLE  3 


Age  in  days 

No.  of  animals 

Range 
in  total 
numbers 

Average 
of  total 
numbers 

1  to  21 

11 

1,494  to  12,628 

3,650 

24  to  51 

13 

2,938  to  14,579 

8,650 

56  to  86 

5,282  to  11,126 

7,400 

Between  90  and  150 

4,314  to  10,048 

6,200 

5 

864  and  901 

■■ 

4,595  and  7,654 

6,100 

The  numbt-r  of  islets  per  milligram  of  pancreas  is  highest 
at  birth,  there  being  a  very  rapid  decrease  during  the  first  40 
or  50  daj's  of  life,  and  then  a  much  slower  fall  with  increase 
in  age. 


TABLE  4 


Class 

1 

2 

3 

4 

5 

.\vcrage 

Average  nuiiib<*r  of  islets  p«T  n>g. 
of  pancreas . 

97 

25 

12 

7.5 

.34 

Average  number  of  islets  p<'r  gm. 
body  weight . 

258 

146 

G4 

1 

I 

21 

127 

The  number  of  islets  per  gram  body  weight  decreases  with 
th**  growth  of  the  animal ;  the  decrease  is  at  first  rapid  and  then 
slow ;  the  first  60  or  70  dayji  of  growth  is  the  period  of  the  rapid 
decrease. 


TABLE  o 


Class 

Duodena!  portion 

Mifl  portion 

Splenic  )x>rtion 

1 

88 

107 

97 

•> 

21 

32 

.3 

9 

1.3 

14 

1 

8 

n 

10 

a 

■ 

7 

Average . 

29 

1 

38 

;m 
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ISLETS  OF  LANGERHANS  IN  RAT 


The  mid-portion  of  the  paiicrea.s  as  delimited  in  this  inves¬ 
tigation  ranks  highest  in  islet  content,  the  splenic  portion  being 
second  and  the  duodenal  portion  third. 
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I’RKLIMINAKY  NOTE  ON  THE  MATERNAL' BEHAVIOR 
OK  RATS  LIVING  IN  PARABIOSIS 


CALVIN  P.  STONE 
Department  of  Psychology 
Stanford  University 

Experimental  (‘videnee  aceumulatiii"  during  the  past  few 
years  definitely  connects  the  liberation  of  internal  secretions 
from  the  ovary  with  the  phenomenon  of  sexual  receptivity  in 
female  rats  (Lipschiitz  '24).  A  striking  illustration  of  this 
causal  relationship  was  recently  given  by  Allen  (’24)  when  he 
demonstrated  that  sexual  receptivity  may  be  brought  aliout  in 
premature  females  or  females  from  which  the  ovaries  have  Ix'en 
removed  by  the  injection  of  fluids  taken  from  the  mature 
Graafian  follicles  of  swine.  Familiarity  with  this  evidence  has 
led  the  author  to  raise  the  question  as  to  whether  maternal  be¬ 
havior  is  similarly  conditioned  by  hormones  liberated  at  or  near 
the  time  of  parturition.  Experimental  observations  on  the  rat 
would  seem  to  show  that  maternal  behavior  is  not  aroused  by  any 
known  factox-s  of  the  exteimal  environment  that  are  ecpially 
potent  for  non-pregnant  and  virgin  females,  but  that  it  is  in 
some  way  conditioned  by  physiological  factors  attendant  upon 
pregnancy,  pai'turition,  and  nui’sing  of  young.  Although  non¬ 
pregnant  multipari  and  vii’gins.  as  well,  sometimes  bring  to¬ 
gether  nesting  matei’ials  when  these  are  available,  they  do  not 
work  at  the  task  with  the  industry  ordinarily  displayed  by  the 
female  that  has  just  delivered  a  litter.  Neither  are  they  solicit- 
ous  for  new-born  young  in  their  cages  when  the  latter  belong  to 
other  females.  Such  observations  and  others  of  similar  nature 
would  seem  to  indicate  that  maternal  behavior  is  activated  in 
part,  at  least,  in  females  by  factors  originating  within  their  own 
bodies  and  that  substitutes  for  these  faetoi’s  cannot  be  supplied 
to  the  virgin  by  manipulating  stimuli  from  the  external 
environment. 

In  the  preliminary  attempts  to  bring  this  pi’oblem  to  ex- 
pi'i-imental  test  a  technique  involving  the  making  of  a  special 
type  of  “Siamese  twins”  was  employed.  The  bodies  of  young 
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females  were  united  by  joining  the  integument  of  one  with  that 
of  the  other.  Through  this  union  of  skin,  substanees  in  the  cir¬ 
culatory  system  of  one  animal  may  diffuse  into  the  body  of  the 
other,  and,  theoretically,  to  continue  the  line  of  reasoning,  a 
maternal  hormom*  from  one  female  might  be  transferred  to  the 
other  with  which  she  lived  in  parabiosis  and,  retaining  its 
potency,  might  activate  maternal  behavior  in  the  latter. 

Other  experimenters  have  demonstrated  the  possibility  of 
effecting  an  intcrebangc  of  substances  between  the  blood  stream 
of  one  animal  and  that  of  another  with  which  it  is  joined.  Saucr- 
bnich  and  TTeyde  (’OS'!  found  that  indelible  ink  injected  into 
one  of  t\vo  rabbits  with  bodies  joined  will  diffuse  into  the  other 
as  early  as  the  fourth  or  fifth  day  after  they  are  united.  They 
ecmeluded  also  that  the  ki<lneys  of  one  animal  of  the  pair  may 
be  removed  without  causing  its  death  since  tin*  kidneys  of  the 
other  will  serve  the  needs  of  both.  Furthermore,  they  found 
that  the  Internal  secretion  of  the  pancreas  may  pass  from  one 
dog  to  another  from  which  the  pancreas  has  been  remov«*d. 
Working  Mith  rats.  ]\rorpurgo  (’081  showed  the  feasibility  of 
.joining  animals  of  the  same  and  animals  of  the  opposite  sex. 
Tin*  reproductive  tracts  of  a  male  and  female  rat  joined  for 
several  months  |>rior  to  autopsy  were  found  as  well  developed 
as  those  of  animals  living  under  normal  conditions.  Yatsu  (’211 
also  demonstrated  that  tin*  testes  of  a  male  are  not  affected  by 
union  with  a  normal  or  spayed  female  and  that  the  normal 
female  of  such  a  pair  is  fertile.  Females  united  with  castrated 
males.  howev(*r.  were  said  to  he  unfertile. 

OPER.VTIVE  TECIINIQI’E 

Two  animals,  anaesthetized  simultaneously,  were  put  side 
by  side  on  the  operating  table  ainl  the  skin  of  the  juxtaposed 
sides,  froju  Avhieh  the  hair  in  tin*  op(*rative  field  had  been  re¬ 
moved.  was  thoroughly  saturated  with  a  t(*n  per  cent  solution 
of  iodine.  Then  an  incision  one  inch  long  was  made  in  the  skin 
of  the  adjacent  sides  midway  hetween  the  shoulder  and  the  hip. 
Next,  small  margins  of  skin,  Imth  above  and  below  the  incision, 
w’cre  cut  away  so  that  an  elliptical  portion  of  the  lateral  abdomi¬ 
nal  wall  was  exposed.  The  short  and  long  diameters  of  this 
ellipse  were  one-half  and  one  inch,  respectively.  Finally  the 
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iiiiiinals  were  hroujjht  together  and  tlie  adjacent  edges  of  skin 
sutured  with  strong  linen  thread.* 

To  prevent  or  miniinixe  tension  on  tlie  sutures  while  the 
skin  was  uniting,  a  hand  of  adhesive  tape  was  wrapped  around 
the  Ijodies  of  tlie  animals.  AVe  hoped  that  this  hand  could  be 
removed  after  the  wound  had  completely  healed,  but  such  was 
not  the  case.  The  animals  never  willingly  accepted  the  necessity 
of  idling  together  or  moving  simultaneously  iu  the  same  direc¬ 
tion,  hence  it  was  necessary  to  keep  them  banded  at  all  times. 
Soiled  bands  were  removed  as  occasion  demanded. 

Very  little  difficulty  was  encountei’ed  in  securing  skin 
unions  between  the  two  animals.  The  source  of  greatest  diffi¬ 
culty,  however,  was  that  of  keeping  the  animals  joined  after  the 
union  was  formed  or  in  keeping  them  in  a  healthy  condition. 
In  some  instances  the  animals  gnawed  through  their  bandages 
during  the  night  and,  by  tugging  and  twisting,  either  tore  the 
newly  joined  skin  or  irritated  it  to  such  an  extent  that  separa¬ 
tion  was  inevitable.  In  oth<*r  cases,  for  reasons  not  known,  one 
of  the  animals  gradually  beeame  inactive,  ceased  to  eat,  and 
eventually  died.  Similar  results  were  rejmrted  by  Morpurgo 
(’OS).  Although  several  pairs  of  animals  joined  by  skin  nnions 
have  been  kept  alive  and  healthy  for  a  few  weeks,  and  three 
pairs  for  over  two  months,  only  one  pair  was  inaintained  suffi¬ 
ciently  long  to  permit  of  breeding  and  subsecpient  observations 
on  maternal  behavior. 

MATF.KXAl,  UKIIAVIOU  OF  FAUAUIOTIC  KATS 

On  March  1.  1024.  the  bodies  of  two  females  of  the  siiine 
litter  were  joined.  They  were  approximately  three  months  of 
age,  and  l)oth  were  sexually  mature.  For  convenience  of  de¬ 
scription,  the  animal  on  the  left  will  be  designated  by  the  letter 
li,  and  the  animal  on  the  right  by  the  letter  11.  Female  L  was 
slightly  smaller  than  R  when  joined,  and  their  subsequent 
growth  never  altered  this  weight  relationship.  Examination 
of  vaginal  sulcal’s  (Long  and  Evans.  ’22 »,  at  irregular  intei’vals 
after  the  operation  showed  that  Ixith  animals  had  oestrual 
cycles.  On  April  29,  Female  K  was  found  in  “heat”  and  was 
breil.  Although  the  male  sometimes  mounted  and  attempted 

•Techniques  in  which  the  muscular  walls  and  the  peritoneum  are 
joined  have  been  emploved  bv  Morpurpo  ’OS  and  Sauerbruch  and 
Heyde  '08. 
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copulation  with  L.  the  latter  was  totally  unreeeptive.  Her 
<»esti-ual  cycles  were  independent  of  those  of  R. 

Animal  R  carried  the.  yomi"  through  the  usual  period  of 
fjestation  and  delivered  a  litter  of  five  living  younp.  Throuph- 
out  the  time  of  parturition  the  experimenter  was  present  and. 
for  approximately  one  and  one-half  hours  afterward,  observed 
the  behavior  of  both  aiiimals.  Female  R  removed  the  foetal 
membranes  from  each  younp  as  it  was  delivered  and  cleansed  it 
of  the  li(|Uor  amnii.  Durinp  the  first  hour,  she  picked  up  some 
of  them  in  her  mouth  as  if  attemptinp  to  carry  them  about  the 
cape.  It  would  seem  that  she  was  tryinp  to  assemble  them  for 
the  purpose  of  makinp  a  nest.  These  attem]»ts  were  frustrated 
by  animal  L.  which  did  not  participate  in  the  act  of  cleansinp 
the  younp  and,  thi’ouph  inactivity  or  contrary  impulses,  preatly 
curtailed  R’s  movements  about  the  cape.  No  maternal  responses 
whatever  were  displayed  by  L  durinp  this  period  of  observation. 

About  five  hours  later,  the  females  wi're  apain  under  ob¬ 
servation  for  ai)i)roximately  one  hour.  At  this  time.  R  took 
the  younp  from  the  experimenter’s  hand  into  her  mouth  and 
earrie<l  llumi  from  the  front  to  the  rear  of  the  <*ape  where  they 
were  deposited  on  the  fi(*or.  Sometimes  she  did  not  at  once 
succeed  in  reaehinp  the  rear  of  the  cape,  for  it  was  always 
necessary  to  drap  I.,  with  her.  The  latter  usiially  resisted  the 
movements.  Inspection  of  the  abdomen  of  the  younp  for  milk, 
whieli  is  visible  throuph  the  belly  wall  if  the  younp  have  re¬ 
cently  nurs(‘d.  led  to  the  conclusion  that  none  of  the  five  had 
suckled.  All  of  theni  di<“d  within  the  first  thirty-six  houi's  after 
birth.  P’rom  time  to  time  durinp  the  first  two  or  three  days 
after  parturition  female  R  was  observed  piekinp  up  bits  of  paper 
scattered  about  the  cape  and  attemptinp  to  pull  them  topether 
to  form  a  nest.  Similar  behavior  has  been  observed  in  other 
mothers  that  have  lost  their  younp.  She  took  pieces  of  paper 
from  the  (*x])erimenter’s  lumd  as  tln*y  were  held  out  to  her  at  the 
entrance  of  the  cape  atid  attempted  to  carry  them  to  the  rear. 
Animal  L  did  not  pick  uj)  paper  for  the  nest  and  would  not 
accept  paper  from  the  experimenter’s  hatid. 

Al»out  three  weeks  after  the  female  had  lost  her  litter,  a 
male  was  put  into  the  cape  of  the  pair  in  the  hope  that  one  or 
the  other  of  the  females  mipht  apain  be  imprepnated.  On  July 
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10,  Animal  K  delivered  her  second  litter  (nine  young;.  The 
experimenter  was  not  present  at  the  time  of  parturition,  but 
found  the  young  a  few  hours  later.  The  young  were  assembled 
into  one  corner  of  the  cage  and  the  pair  of  adults  was  hovering 
over  them. 

In  order  to  elicit  unequivocal  signs  of  maternal  behavior 
the  nest  materials  and  young  were  scattered.  Soon  afterward 
female  R  began  to  pick  them  up  and  to  carry  them  back  to  the 
nest.  She  assembled  them  four  times  during  the  lirst  day.  As 
a  rule  she  began  to  gather  them  immediately  after  they  were 
scattered  about.  On  the  second  night  the  experimenter  observed 
her  sweei)ing  shavings  into  a  heap  in  one  corner  of  the  cage 
where  the  young  were  huddled  together.  Similar  behavior  was 
repeated  several  times  while  observations  were  continued  during 
the  first  ten  days,  b'emale  L  did  not  participate  iix  the  work 
of  moving  nest  materials,  take  the  young  into  her  mouth,  pick 
up  pai)er,  or  sweep  shavings  from  the  floor.  Animal  R  domi¬ 
nated  L  in  her  movements  about  the  cage  and  because  of  her 
superior  strength  was  able  to  move  the  latter  about  in  whatever 
direction  she  attempted  to  go.  Perhaps  less  resistance  was  now- 
offered  to  her  movements  than  on  the  occasion  of  the  first  litter ; 
at  any  rate,  the  mother  succeeded  in  going  about  the  eage  almost 
at  will.  Sauerbruch  and  Heyde  (’08)  seemed  to  think  that  their 
animals  gradually  learned  to  move  about  with  less  and  less 
conflict. 

Inspection  of  the  young  for  evidence  of  nursing  during  the 
first  and  second  day  showed  that  they  were  receiving  very  little 
if  any  milk  from  the  mother.  Between  the  second  and  third 
days  all  but  one  of  the  young  died.  In  order  that  we  might  be 
assured  of  the  opportunity  of  observing  the  females  with  young 
over  a  considerable  period  of  time,  two.young  animals,  four  days 
older  than  R’s  litter,  were  added  to  the  nest.  They  were  very 
vigorous  sucklers  and  secured  enough  milk  to  sustain  them  until 
the  age  of  w-eaning.  On  the  evening  of  the  tenth  day  a  huge  mass 
of  paper  and  shavings  that  female  R  had  brought  together  was 
scattered  about  the  eage  in  order  to  test  her  inclination  and 
ability  to  bring  them  together  as  in  the  early  days  after  par¬ 
turition.  She  gathered  all  the  materials  into  one  corner  of  the 
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o^ige  and  placed  her  yoiinp  upon  them  as  in  similar  tests  given 
earlier. 

On  December  6  the  ovaries  of  female  L  were  removed.  This 
was  done  for  the  purpose  of  ascertaining  whether  an  ovarian 
hormone  from  R  would  pass  over  to  L  and  bring  about  typical 
oestrual  cycles.  No  evidence  of  the  latter  was  observed  after  the 
operation.  Within  the  first  month  the  vaginal  orifice  began  to 
close  and  at  the  end  of  the  second  month  was  almost  completely 
obliterated.  Thereafter  only  a  pin  point  opening  remained. 

In  February,  1925,  female  R  again  conceived  and  bore  a 
litter  (five  young).  This  litter  was  first  observed  in  the  morn¬ 
ing,  and  had  probably  been  born  some  six  hours  earlier.  The 
young  were  rather  loosely  scattered  alwut  the  cage  and  only  a 
small  amount  of  paper  had  been  brought  together  in  one  corner 
of  the  cage.  At  this  time  female  R  took  the  young  into  her 
mouth  from  the  hand  of  the  experimenter  and  deposited  them  on 
the  side  of  the  eage.  Later  in  the  same  day  she  again  gathered 
the  young  together  after  they  had  been  scattered  about.  Dur¬ 
ing  the  first  evening  all  of  the  shavings  in  the  eage  were  brought 
together  to  form  a  nest  and  in  it  the  young  were  found  on  the 
following  morning.  An  examination  of  each  individual  re¬ 
vealed  milk  in  the  abdomens  of  only  tliree.  The  others  were 
now  less  active  than  those  that  had  nursed  and  were  not  making 
any  effort  to  seeiire  milk.  During  the  second  day  the  young  that 
had  not  nursed  were  removed  from  the  nest  and  three  vigorous 
young  from  a  litter  one  ilay  older  were  substituted  for  them. 
Observations  of  maternal  behavior  were  made  again  on  this  day. 
Female  R  always  seemed  ready  to  take  the  young  or  nest  ma¬ 
terials  into  her  mouth  and  carry  them  back  to  the  rear  of  the 
cage,  but  L  did  not  do  this  at  any  time  w'hile  under  observa¬ 
tion.  And  since  observations  were  made  again  repeatedly  dur¬ 
ing  the  the  first  ten  days,  both  at  night  and  during  the  day  with 
similar  results,  it  is  assumed  that  she  did  not  co-operate  in  the 
care  of  the  young  at  any  time. 

During  the  first  twenty-four  hours  after  parturition,  a  rat 
usually  becomes  receptive  to  the  male  (Donaldson,  ’24).  Antici¬ 
pating  the  possibility  of  signs  of  the  oestrus  in  female  L.  re¬ 
sulting  from  a  transference  of  ovarian  hormone  from  R  after 
parturition,  the  pudenda  of  L  were  carefully  inspected  daily 


STONE 


511 


for  two  wi*eks  after  the  last  litter  was  delivered.  No  change 
in  the  size  of  the  pin-point  opening  of  the  vagina  was  noted.  On 
the  third  day  after  partiirition  a  small  i)robe  was  inserted  into 
the  vagina  to  obtain  a  sample  of  the  mucosa  for  smear  examina¬ 
tion.  The  cells  of  the  smear  were  characteristic  of  the  dioes- 
trous  interval. 

Although  the  young  niii'sed  during  a  period  of  approxi¬ 
mately  four  weeks  they  were  suckled  only  by  female  R.  On 
this,  as  one  previous  occasions,  the  nipples  of  L  did  not  enlarge 
and  no  evidence  of  secretion  of  milk  was  obtained. 

DIP  FUSION  OP  TRYPAN  BLUE 

To  ascertain  the  readiness  with  which  fluids  from  one  female 
niiglit  pass  over  to  the  other  thi'ougli  the  skin  union  we  resorted 
to  a  test  involving  the  injection  of  a  vital  dye  into  the  normal 
female.  Soon  after  the  last  litter  had  been  weaned,  2  cc.  of  a 
saline  solution  of  trypan  blue  was  inji'cted  intraperitoneally 
into  female  R.  The  time  of  the  injection  was  9:45  A.  M.  At 
11  o’clock  the  blue  coloration  had  hecome  apparent  at  the  nos¬ 
trils  and  hairless  regions  of  the  feet  of  female  L.*  At  12 
o’clock  some  coloration  could  be  detected  in  the  skin  of  L  when 
she  was  put  beside  a  control  for  comiiarison.  Color  of  deeper 
hue  was  then  observable  in  the  skin  of  R.  After  24  hours  the 
whole  skin  of  both  animals  was  of  a  pale  bluish  tint.  That 
of  R  was  of  deeper  due  than  L.  At  the  end  of  48  hours  the  hue 
of  both  had  become  still  deeper,  but  had  not  equalized.  There¬ 
after  no  additional  change  could  be  delected. 

Hy  way  of  ascertaining  the  amount  of  coloration  in  L  at  the 
end  of  48  hours  she  was  coinjiarcd  with  other  animals  into  which 
different  (|uantities  of  the  original  solution  had  been  injected  at 
the  same  time  R  received  2  cc.  The  coloration  of  L  at  its  high¬ 
est  point  approximated  that  of  a  female  that  had  received  0.5 
cc.  of  the  solution.  Naturally  it  is  impossible  to  state  whether 
hormonal  substances  from  the  ovaries  of  R  reached  L,  since, 
without  the  actual  hormone  at  hand,  no  method  of  making  the 
t»‘st  similar  to  that  of  the  trypan  blue  could  be  followed.  It 
can  be  said  with  rea.sonable  certainty,  however,  that  conditions 
were  favorable  for  their  diffusion  from  one  to  the  other  of  the 
females. 

•Observations  made  Independently  by  two  observers. 
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NECROPSY 

Female  -L  died  after  the  animals  had  been  united  a  few 
days  over  one  year  and  seven  months.  Female  R  was  anesthe¬ 
tized  soon  after  the  death  of  L  was  noted  and  the  reproductive 
tracts  of  both  animals  examined.  That  of  R  was  found  to  be 
in  a  healthy  condition  so  far  as  external  appeaTilnce’  served  as 
a  basis  for  judgment.  The  uterus  and  the  uterine  tubes  w’ere 
well  developed  and  compared  favorably  in  size  with  those  of  a 
normal  adult  female.  The  tract  of  L  presented  the  appearance 
commonly  following  ovariectomy.  Tlie  tubes  had  shrunken  and 
the  uterus  w'as  infantile  in  size.  Neither  tract  was  examined 
histologically. 

CONCLI’DINO  REMARKS 

Although  this  study  has  not  been  carried  sufficiently  far,  up 
to  the  present  time,  to  warrant  conclusions  of  a  general  nature, 
it  would  seem  to  have  the  special  value  of  illustrating  the  pos¬ 
sibilities  of  the  “method  of  parabiosis”  as  an  approach  to  the 
study  of  internal  factors  underlying  maternal  lM*havior.  More 
intensive  studies  of  females  maintained  in  parabiosis  and  tested 
along  lines  similar  to  those  described  in  the  foregoing  ca-se  his¬ 
tory  will  probably  throw  some  light  on  the  question  as  to  whether 
an  internal  secretion  is  responsible  for  the  activation  of  maternal 
behavior  in  rats.  For  this  reason  it  seemed  desirable  to  bring 
the  case  to  the  attention  of  others  interested  in  the  study  of  ma¬ 
ternal  behavior  in  the  hope  that  further  studies  of  a  similar 
nature  might  be  stimulated. 
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EXPERIMENTS  ON  LIVER  TRANSPLANTATION 


THEODORE  KOPPANYI  and  HSI  CHUN  CHANG 
From  the  Hull  Physiological  Laboratory  of  the  University  of  Chicago 

In  reviewing  the  literature  several  publications  were  found 
dealing  with  the  regeneration  of  liver  tissue  in  different  verte¬ 
brates.  The  authors  (Griffini,  1884;  v.  Meister,  1891;  Petrone, 
1884;  Ponfick,  1894;  Tizzoni,  1883;  Ribbert,  1904)  as  a  rule 
obtained  real  regeneration  of  the  hepatic  cells,  sometimes  with¬ 
out  any  scar  tissue  formation.  Encouraged  by  these  reports,  we 
carried  out  a  series  of  experiments  with  transplantation  of  liver 
fragments  in  the  bullfrog,  albino  rat  and  rabbit. 

Autoplastic  transplantations  were  carried  out  in  the  bull¬ 
frog  (Rana  catesbiana).  One-third  of  the  whole  liver  was  cut 
off,  divided  into  five  approximately  equal  pieces  and  trans¬ 
planted  into  the  dorsal  lymph  sac,  and  into  the  peritoneal  cavity. 
A  month  later  the  animals  were  killed  and  the  grafts  examined. 

The  grafts  in  the  peritoneal  cavity  were  resorbed  without 
exception.  The  grafts  in  the  dorsal  lymph  sac,  however,  re¬ 
vealed  macroscopically  normal  appearance,  retaining  their  orig¬ 
inal  color.  The  histological  examination  showed  slight  necrosis 
in  the  center  of  the  graft.  At  the  peripherj*,  however,  and  ex¬ 
tending  part  way  to  the  center  of  the  graft,  there  was  active 
proliferation  of  liver  tissue  with  numerous  mitotic  figures.  These 
prolifei’ating  cells  were  arranged  in  the  form  of  tubes.  Such 
tube  formation  has  also  been  observed  by  other  investigators 
who  .studied  the  regeneration  of  the  hepatic  tissue.  The  graft 
was  abundantly  vascularized  and  pigment  inclusions  were  almost 
everywhere  present  in  it. 

Ilomoioplastic  transplantations  w-ere  carried  out  in  the  al¬ 
bino  rat.  Small  fragments  of  liver  tissue  were  transplanted,  as 
a  rule,  into  the  peritoneal  cavity.  The  grafts  were  exainined 
one,  two,  three,  and  four  weeks  after  the  transplantation.  One 
week  after  the  grafting  the  transplanted  liver  fi'agments  con¬ 
tained  some  living  parenchymatous  tissue,  but  on  the  whole  they 
were  undergoing  degeneration.  At  the  tw’o,  three,  and  four 
week  stages  no  living  parenchymatous  tissue  could  be  detected 
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in  tlie  grafts.  Some  of  these  transplants  had  established  con¬ 
nections  with  the  omentum  and  were  surrounded  by  proliferat¬ 
ing  connective  tissue.  Prof.  A.  Maximow  kindly  aided  us  in  the 
interpretation  of  the  histological  preparations. 

As  a  further  experiment,  a  thin  small  piece  of  rabl)it  liver 
was  transplanted  into  the  anterior  eye-chamber  of  another  rab¬ 
bit.  At  the  present  writing,  three  and  a  half  months  after  the 
transplantation,  maeroseopieally  the  graft  is  still  visible,  but  ap¬ 
parently  it  has  been  replaced  by  connective  tissue.  The  kera- 
tomicroscopical  examination  by  Dr.  11.  Gradle,  one  month  after 
the  transplantation,  revealed  that  the  graft  with  an  exudate 
in  its  cent(‘r  was  adhei’ent  to  the  iris  and  cornea  and  was  sup¬ 
plied  by  blood  vessels.  At  the  same  time,  a  pannus  of  the  cornea 
was  olwerved. 

It  is  concluded  that  tlie  frog’s  liv(‘r  can  be  transplanted 
entirely  suceessfully  so  far  as  determined  by  anatomical  criteria 
and  an  investigation  of  the  physiological  activity  of  the  trans¬ 
plants  is  contemplated.  At  present  the  attempts  to  transplant 
the  mammalian  liver  nmst  be  considered  as  failures. 
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Kpinephrin  anhydremia  and  ita  relation  to  the  emergency  function 
of  the  adrenals.  Barbour  (H.  Q.)  &  Hamilton  (W.  F.),  Proc. 
Soc.  Exper.  Biol.  &  Med.  (N.  Y.),  1925,  22,  480-481. 

In  25  experiments  on  unanesthetized  dogs  the  threshold  dose 
of  adrenin  was  0.0001  mg.  per  kilo  of  animal,  and  the  dose  pro¬ 
ducing  the  maximum  blood  concentration  was  0.01  mg.  per  kilo. 
It  took  about  10  minutes  for  the  blood  to  return  to  normal.  In 
the  example  given  the  specific  gravity  of  the  blood  showed  a  change 
from  1.0504  to  1.0562,  a  maximum,  two  minutes  after  injection. 
Anhydremia  resulting  from  excitement  resembles  the  above  but  is 
not  dependent  on  the  splanchnic  control  of  the  liver,  spleen  or 
adrenals,  for  In  five  dogs  this  reaction  occurred  to  the  same  extent 
after  splanchnotomy  as  it  did  when  these  nerves  were  intact. 

— J.  C.  D. 

Adrcnulectoiiiy  and  its  ridatioii  to  the  metabolism  of  the  cat.  Bar- 
low  (O.  W.),  Am.  .T.  Physiol.  (Balt.),  1924,  70,  453-464. 

After  removal  of  one  adrenal,  the  total  metabolism  is  initi¬ 
ally  depressed  but  gradually  returns  to  or  above  the  preoperative 
level.  When  the  basal  metabolic  rate  is  computed  on  the  body 
weight  basis,  two  types  of  results  are  noted.  In  25%  of  the  series 
studied  a  new  basal  level  14%  below  their  respective  normals  was 
established  at  the  fifth  month  and  maintained  until  the  end  of 
the  experiment.  The  body  weight  of  this  group  increased  markedly 
due  to  a  deposit  of  fat.  In  75%  of  the  series  the  metabolic  rate 
and  body  weight  had  returned  to  or  above  normal  at  the  fifth 
month.  After  removal  of  both  glands,  the  animals  survived  on 
an  average  for  40  hours,  the  extremes  being  104  and  7%  hours, 
respectively.  The  basal  metabolic  rate  fell  at  first,  rose  to  near 
normal  at  the  sixth  hour  and  then  progressively  fell.  The  body 
temperature  fell,  then  rose  above  normal  by  the  tenth  hour,  and 
fell  gradually  to  normal  at  the  thirtieth  hour.  Thereafter  a  rapid 
drop  was  noted  until  death.  The  fall  in  metabolism  as  well  as 
body  temperature  appeared  accelerated  4-6  hours  before  death,  at 
which  time  the  blood  pressure  and  blood  sugar  also  showed  a  rapid 
decline. — Author’s  Abst. 

Conditions  of  activity  in  endocrine  glands,  \V1.  The  role  of  the 
adrenal  medulla  in  pseudafTective  hyperglycemia.  Bulato  (S. 
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VV.)  &  Cannon  ( W.  B.).  Am.  J.  Physiol.  (Balt.),  1925,  72,  295- 
313. 

The  pseudaffective  state  described  by  Cannon  and  Britton  is 
attended  by  a  hyperglycemia  which  increases  as  time  passes.  If 
decerebration  is  not  followed  by  pseudaffectlve  activity  the  gly- 
cemic  percentage  does  not  increase  markedly  and  may  fall.  If 
the  adrenal  glands  have  been  removed,  or  if  one  has  been  removed 
and  the  splanchnic  supply  of  the  other  has  been  destroyed,  the 
initial  hyperglycemia  of  the  pseudaffectlve  state  neither  rises  nor 
remains  high;  instead  it  declines.  If  the  hepatic  nerves  have  been 
severed  without  disturbance  of  the  adrenal  glands  the  initial 
hyperglycemia  is  increased  during  quasi-emotional  activity.  In¬ 
sulin  is  effective  in  reducing  the  hyperglycemia  that  follows  de¬ 
cortication,  even  though  pseudaffectlve  phenomena  are  prominent 
and  the  pituitary  body  is  intact.  The  relation  of  the  adrenal  me¬ 
dulla  to  hyperglycemia  is  discussed,  and  the  weak  evidence  and 
the  erroneous  logic  leading  to  the  conclusion  that  it  plays  no  im¬ 
portant  rdle,  are  pointed  out.  Also  the  claim  that  there  is  pitui¬ 
tary  involvement  in  decerebrate  hyperglycemia  is  questioned  and 
reasons  are  advanced  for  discrediting  that  claim. 

— Author’s  Abst. 

The  effect  c»f  roentgen  ra.vs  on  the  siiprurenul  gland.  Martin  (C. 
L.),  Rogers  (F.  T.)  &  Fisher  (N.  F.),  Am.  .1.  Roentgenol.  (N. 
Y.),  1924,  12.  466;  abst..  Am.  J.  Dis.  Child.,  30,  437. 

The  conclusions  of  these  authors  do  not  coincide  with  the 
clinical  conclusions  of  recent  observers.  Their  conclusions  in  this 
preliminary  report  are  that  direct  heavy  radiation  of  the  isolated 
left  adrenal  administered  following  the  removal  of  the  right  ad¬ 
renal  of  a  dog  produced  no  symptoms  during  practically  a  month 
of  observation,  although  a  marked  fibrosis  occurred  in  the  radi¬ 
ated  gland.  The  same  dose  produced  cachexia  and  death  when 
applied  to  an  isolated  loop  of  small  intestine  and  marked  fibrosis 
when  applied  to  the  upper  pole  of  the  kidney. 

On  the  adrenalin  h.vpcrglycemia.  Ohara  (T.),  Tohoku  J.  Exper. 
Med.  (Sendai),  1925,  6,  213-247. 

A  study  was  made  in  rabbits  of  the  effects  of  ptuirreas  extract 
made  by  Kumagai’s  method.  It  was  found  that  the  extract  sup¬ 
pressed  adrenalin  hyperglycemia  when  the  dose  of  the  latter  w'as 
not  too  great.  It  also  caused  lowering  of  the  blood  sugar  in  normal 
animals  and  in  other  experimental  hyperglycemia.  It  was  found  to 
have  a  more  pow'erful  effect  by  subcutaneous  injection  than  by  Intrar- 
venous  application.  The  pancreatic  extract  had  no  influence  upon 
the  normal  blood  pressure  and  did  not  lower  the  pressure  raised 
previously  with  adrenalin.  Perfusion  of  the  extract  through  the 
peripheral  blood  vessels  by  the  Laewen-Trendelenburg’s  method 
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caused  no  change  in  the  rate  of  the  outflow  of  Ringer’s  solution. 
The  extract  produced  no  change  in  the  enucleated  frog’s-eye-pupil 
either  in  the  normal  state  or  in  adrenalin  mydriasis.  It  had  no 
effect  on  the  pupils  of  dogs  either  normal  or  depancreatized.  The 
rise  of  blood  sugar  caused  by  piqflre  was  markedly  reduced  by  the 
subcutaneous  injection  of  the  extract.  IMtuitrin  had  no  obvious 
inhibiting  influence  upon  the  fall  of  blood  sugar  caused  by  the  pan¬ 
creatic  extract.  The  pancreatic  extract  had  no  effect  upon  the  con¬ 
traction  of  the  surviving  uterus  strip  of  the  cat  either  in  normal 
condition  or  when  contracted  with  adrenalin. — R.  G.  H. 

KH'eot  of  adrenalin  on  the  venous  blood  from  the  bone  marrow 
( Untersuchungen  am  Knochenmarksvenenblut  des  Hundes.  1. 
Die  Wirkung  des  .Adrenalins  auf  das  Hlutbild).  Schoen  (R.)  & 
Berchtold  (E.),  Arch.  f.  exper.  Path.  u.  Pharmakol.  (Leipz.), 
1925,  105,  63-75. 

Experiments  were  made  on  large  dogs  under  urethane  nar¬ 
cosis.  It  w’as  found  that  the  blood  of  the  nutrient  tlblal  vein  shows 
constant  differences  from  normal  blood;  there  is  an  excess  of  neu- 
trophiles,  and  there  are  more  young  forms  of  red  and  white  cells. 
Adrenalin  causes  these  young  forms  to  be  washed  out  of  the  mar¬ 
row,  the  effect  reaching  its  height  in  about  10  minutes  after  the 
injection.  Adrenalin  causes  no  change  In  peripheral  blood  beyond 
a  leucocytosis.  Whether  the  increased  cell  output  is  due  to  stim¬ 
ulation  of  the  marrow  or  to  circulatory  changes  was  not  deter¬ 
mined. — R.  G.  H. 

Ghromattin  cell  tumor  of  the  suprarenal  medulla  (paraganglioma). 
Zeckwer  (I.  T.),  Boston  M.  &  S.  J.,  1925,  193,  254-258. 

A  tumor  of  comparatively  rare  type  is  described  arising  from 
the  suprarenal  medulla,  which  was  an  incidental  finding  at  autopsy 
in  the  case  of  a  woman  of  56  years  of  age  who  died  suddenly  from 
cerebral  thrombosis.  The  tumor  appeared  as  an  ovoid  mass 
4x3. 5x2. 5  cm.,  occupying  the  medulla  of  the  left  suprarenal  gland 
and  surrounded  by  a  greatly  narrowed  zone  of  cortical  tissue. 
Microscopicaliy  it  was  composed  of  chromaffin  cells  arranged  in 
cords  separated  by  dilated  anastomosing  capiliary  channels.  Many 
of  the  cells,  illustrated  by  photomicrographs,  assumed  bizarre 
giant  forms  with  multiple  nuclei  and  vacuolated  cytoplasm. 
Though  distinctly  benign,  the  proliferating  cells  had  in  places  ex¬ 
tended  through  the  entire  cortical  zone,  but  had  not  penetrated 
the  capsule.  The  opposite  suprarenal  was  of  usual  gross  appear¬ 
ance  and  presented  no  microscopic  change. — Author’s  Abst. 

The  digestive  tract  and  endocrine  function.  Lockwood  (B.  C.),  J. 
Am.  M.  Ass.  (Chicago),  1925,  85.  1932-1036;  abst.,  A.  M.  A. 

(..ockwood  reports  the  results  of  a  clinical  investigation  based 
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on  a  study  of  the  gastro-intestinal  tract  of  most  of  the  frank  endo¬ 
crine  cases,  involving  the  thyroid,  pituitary  and  suprarenal  glands, 
which  have  come  under  his  observation  during  the  past  few  years. 
He  summarizes  as  follows:  The  gastro-intestinal  tract  shares  with 
the  rest  of  the  organs  of  the  body  in  the  secondary  effects  resulting 
from  disturbances  in  the  functions  of  the  endocrine  glands,  but  not 
to  the  extent  that  is  often  considered.  The  exact  mechanism  is  not 
definitely  known,  but  it  is  probably  through  both  the  medium  of  the 
autonomic  nervous  system  and  changes  in  the  general  bodily  nutri¬ 
tion.  Slight  endocrine  disorders  seldom  produce  gastro-intestinal 
disturbances.  In  general,  the  stomach  acidity  tends  to  be  lowered 
by  hyposecretion  of  the  thyroid,  pituitary  and  suprarenals.  Hyper¬ 
thyroidism  also  tends  to  reduce  gastric  acidity,  achlorhydria  being 
a  frequent  finding  in  exophthalmic  goiter  cases  presenting  gastro¬ 
intestinal  symptoms.  Peptic  ulcer  is  not  common  in  manifest  endo¬ 
crine  disease,  having  been  noted  only  four  times  in  126  cases.  In 
endocrine  cases  in  which  there  is  intestinal  disorder,  the  most  com¬ 
mon  lesion  is  spastic  rather  than  atonic.  In  gastro-intestinal  cases, 
all  other  etiologic  factors  should  be  excluded  before  incriminating 
the  endocrine  glands. 

('lianges  in  the  eiidiMTiiie  organs  and  bruin  in  schizophrenia  (de¬ 
mentia  precox)  |Vl>er  Veriinderuiigen  endokriner  Organe  und 
des  Gehims  bei  Schizophrenic  (Dementia  praecox)],  Miinzen 
(F.  T.)  &  Pollok  (W.),  Ztschr.  f.  d.  ges.  Neurol,  u.  Psychiat. 

( Berl.  u.  Leipz.),  1925,  0,5,  376-410;  abst..  Arch.  Neurol.  & 
Psychiat.,  14,  531. 

The  authors  describe  a  case  of  dementia  precox  of  short  dura¬ 
tion  with  histologic  examination  of  all  the  organs  after  death. 
The  clinical  signs  ran  a  course  of  only  six  months  before  death 
occurred,  and  histologic  examination  was  particularly  favorable  be¬ 
cause  necropsy  was  performed  hardly  three  hours  after  death. 
Necropsy  showed  nothing  in  the  organs  outside  the  central  nervous 
system.  No  evidence  of  tuberculosis  was  present,  so  that  the 
changes  which  might  have  occurred  from  this  disease  can  be  ruled 
out.  The  hypophy.sis  showed  in  its  anterior  lobe  an  extraordinary 
increase  in  the  basophilic  cells.  They  were  so  numerous  as  to 
make  the  use  of  higher  magnifications  unnecessary,  and  to  crowd 
out  all  other  cells.  Eosinophils  were  present  in  normal  numbers. 
In  the  anterior  portion  of  the  orohypophysis  was  an  adenoma  about 
1.5  mm.  in  diameter.  Not  infrequently  in  the  anterior  lobe  of  the 
hypophysis  were  seen  groups  of  cells  arranged  around  small  lu¬ 
mens  filled  with  colloidal  material.  The  pars  intermedia  was  sep¬ 
arated  by  a  space  lined  with  epithelium  which  connected  directly 
with  the  epithelium  of  the  base  of  the  anterior  lobe.  In  the  pos¬ 
terior  lobe  large  masses  of  eosinophilic  cells  were  seen,  often  ar¬ 
ranged  in  groups.  The  thyroid  gland  showed  a  colloidal  structure 
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throughout.  Iii  all  parts  of  the  gland  were  small  adenomatous 
formations  of  cells.  The  epithelium  of  the  gland  was  higher  than 
normai.  Other  than  this  no  changes  were  visible  in  the  thyroid, 
which  the  authors  considered  about  normal  in  structure.  The 
parathyroids  showed  a  decided  decrease  in  the  parenchyma  due 
to  large  deposits  of  fat.  The  picture  was  similar  to  that  found  in 
the  parathyroids  of  old  people  or  in  wasting  illness  such  as  carci¬ 
noma.  The  suprarenals  showed  a  great  deal  of  lipoid  material  in 
the  cortex,  particularly  in  the  zona  fasciculata.  The  meduiia  was 
very  thin  in  relation  to  the  cortex.  The  chromaffin  cells  were  ar¬ 
ranged  in  heterogeneous  ways.  In  the  pancreas  was  a  diminution 
in  the  number  of  the  islands  of  Imngerlians,  but  the  histologic 
structure  of  these  bodies  was  normal.  The  ovaries  showed  a  cystic 
degeneration.  The  liver,  uterus  and  thymus  were  normal.  Some 
of  the  more  important  literature  is  abstracted. — R.  G.  H. 

I’rogressive  lipodystrophy.  Watson  ( W.  N.  11.),  &  Ritchie  ( W.  T.), 
Quart.  J.  Med.  (Oxford),  1925,  18,  224-239. 

The  authors  report  two  new  cases  and  review  the  literature 
dealing  with  this  condition.  They  conciude  from  this  study  that 
lipodystrophy  is  probably  of  nervous,  and  not  of  endocrine,  origin. 

— J.  P.  S. 

Geroderinia  and  eunuchoidism.  Izzo  (R.  A.),  Rev.  m^d.  Lat.-Am. 
(Buenos  Aires),  1925,  10,  988-1005;  abst.,  J.  Am.  M.  Ass.,  8.5, 
1339. 

Izzo  describes  with  Illustration  a  case  of  eunuchoidism  with 
dystrophy  of  the  skin  and  genitals  in  a  woman,  aged  38,  who  seemed 
to  be  over  60,  and  presented  symptoms  suggesting  thyroid  insuffi¬ 
ciency  and  perverted  pituitary'  functions,  with  curvature  of  the  spine 
and  genu  valgum.  In  another  case  the  man,  aged  66,  presented 
gerodermia  of  the  genital  dystrophia  type  with  the  same  clinical 
picture  as  the  woman.  The  two  cases  confirm  the  gerodermia 
variety  of  eunuchoidism,  and  its  practical  identity  in  men  and 
women,  although  In  the  latter  it  should  be  called  ovanMlystrophic 
gerodermia. 

llcinunstration  of  estnis-lnduciiig  substances  in  the  blood  of  females. 
Loewe  (S.),  Klin.  Wchnschr.  (Berl.),  1925,  4,  1407;  abst.,  Them. 
.A.bst.,  19,  2976. 

Blood  was  collected  in  the  pro-estrus  period.  The  blood  of 
rabbits,  cows  and  women  was  found  to  contain  estrus-inducing 
substances,  presumably  the  specific  ovarian  hormone. 

The  physiological  action  of  ovarian  fluid  (Zur  Frago  der  pbysio- 
logischen  Wirkung  der  Ovarialfliissigkeit) .  Yeresiu  (W.  J.), 
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Petrowsky  (\V.  W.).  &  Maloff  (G.  A.),  Arch.  f.  d.  ges.  Physiol. 
(Berl.),  1925,  209,  170-176. 

Ovarian  fluid  of  cattle  produces  a  marked  stimulating  action 
of  long  duration  on  the  frog’s  heart,  shown  by  increase  of  amplitude 
both  of  systole  and  diastole.  Usually  a  similar  ^effect  is  produced 
on  the  rabbit’s  heart.  There  is  no  effect  on  the  frog’s  liver-vessels, 
but  a  constricting  effect  on  those  of  the  rabbit’s  ear. — A.  T.  C. 

Vuaiititative  studies  on  the  purs  tuberalls  of  the  hypophysis 
cerebri.  Atwell  (\V.  J.),  Proc.  Soc.  Exper.  Biol.  &  Med.  (N.  Y.), 
1925,  23,  499-500. 

The  pars  tuberalis  was  compared  in  volume  to  the  pars  inter¬ 
media.  In  the  tailed  amphibia  the  pars  tuberalis  was  larger,  in 
one  case  .5  times  larger  than  the  pars  intermedia.  In  the  anura 
it  was  only  1-23  as  large  as  the  pars  intermedia.  In  cats  it  runs 
from  V4  to  over  %  the  size  of  the  pars  intermedia.  A  table  of 
the  results  in  the  cat  is  given.  The  author  concludes  that  in  a 
number  of  vertebrate  forms  the  volume  of  the  pars  tuberalis  is 
equal  or  nearly  equal  to  that  of  the  pars  intermedia,  and  that  as 
far  as  volume  is  concerned  the  pars  tuberalis  may  be  capable  of 
producing  an  important  secretion  in  forms  as  high  as  the  mam¬ 
mals. — J.  C.  D. 

The  cflVct  of  pituiti-iii  on  the  fatty  acid  of  the  liver.  Coope  (R.)  & 
Chamberlain  (E.  N.).  J.  Physiol.  (Lond.),  1925,  <M),  69-77. 

Injection  of  extract  of  posterior  lobe  of  the  pituitary  body 
into  rabbits  (3  to  4  cc.)  and  rats  (1  to  2  cc.)  is  followed  by  a 
well  marked  increase  in  the  amount  of  fatty  acid  in  the  liver.  The 
time  relations  of  this  effect  are  more  consistent  if  the  extract  is 
given  with  gum  arabic  solution.  The  fatty  acid  infiltration  after 
pituitrin  with  gum  reached  its  maximum  between  10  and  15  hours, 
and  disappeared  before  the  30th  hour.  The  infiltration  does  not 
occur  if  the  pituitrin  has  been  previously  submitted  to  such  treat¬ 
ment  as  destroys  its  oxytocic  and  pressor  constituents.  Control 
experiments  with  extracts  of  other  tissues  have,  up  to  the  present, 
failed  to  produce  fatty  infiltration  of  the  liver. — R.  G.  H. 

Studies  on  experimental  hypophyseetoiiiy.  1.  Effect  on  the  main¬ 
tenance  of  life.  Dandy  (W.  E.)  &  Reichert  (F.  L.),  Johns  Hop¬ 
kins  Hosp.  Bull.  (Balt.).  1925,  ;t7,  1. 

The  authors  bring  forth  the  question  again  of  the  assumption 
that  the  hypophysis  is  essential  to  life  because  past  data  concerning 
hypophysectomy  have  given  rise  to  two  views:  some  maintain  its 
necessity,  and  some  think  death  is  caused  in  the  animals  by  brain 
injury.  Two  different  operative  techniques  have  been  used  in  the 
past,  the  buccal  approach  (all  these  animals  have  died)  and  the 
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temporal  approach  (some  of  these  animals  have  lived).  The  authors 
chose  the  latter  because  of  less  brain  injury.  Three  things  stand 
out  In  their  technique,  namely.  Inverting  the  head  100“  to  135“ 
so  the  brain  will  fall  away  from  the  base  of  the  skull,  releasing  as 
much  cerebro-spinal  fluid  as  possible,  and  using  hypertonic  salt  solu¬ 
tion  intravenously  which  causes  brain  substance  to  shrink.  They 
believe  the  set  of  symptoms  desoribed  as- due  to  pituitary  removal  to 
be  in  reality  due  to  brain  injury  and  post-operative  increase  of  intra¬ 
cranial  pressure.  They  conclude,  as  the  dogs  lived  from  a  few  days 
up  to  one  year  after  hypophysectomy,  and  many  of  these  animals 
were  subjected  to  a  careful  necropsy  for  remaining  pituitary  tissue, 
that  the  hypophysis  is  not  essential  in  life.  Tables  are  included. 
The  operative  procedure  is  given  in  detail. — H.  P.  Rush. 

IMtuitary  disor<ler.  Frazier  (C.  H.)  &  Grant  (F.  C.),  J.  Am.  M. 

Ass.  (Chicago),  1925,  ST),  1103-1106;  abst.,  A.  M.  A. 

Out  of  175  cases  of  pituitary  disorder,  Frazier  and  Grant  have 
selected  100  cases  for  analysis  of  symptoms  and  results  of  treat¬ 
ment.  In  this  series  of  100  cases,  the  initial  symptom,  according 
to  the  patient’s  statement,  was  failing  vision  in  71%,  and  a  later 
development  in  16%.  In  27%,  headache  was  the  initial  symptom, 
and  a  later  symptom  in  61%;  it  was  described  as  severe  in  37%,  as 
moderate  in  15%,  and  as  slight  in  9%.  “Pituitary  headache”  im¬ 
plies  tension  within  the  pituitary  capsule,  and  one  would  rather 
expect  a  more  or  less  constant  location  to  which  the  pain  is  re¬ 
ferred.  As  a  matter  of  fact,  in  this  series  the  location  was  varied 
and  was  described  as  frontal  (17),  fronto-occipital  (5),  fronto-tem- 
poral  (7),  vertexfrontal  (1),  occipital  (5),  vertexoccipital  (2),  oc¬ 
cipitotemporal  (31,  temporal  (3)  and  general  (7).  Thus  the  ma¬ 
jority  in  this  series  were  frontal,  followed  in  order  of  frequency 
by  occipital,  general  and  bitemporal.  While  headache  was  recorded 
as  severe  in  one-third  of  the  total  number  of  cases,  as  a  matter  of 
fact  in  only  5  cases  was  it  the  outstanding  symptom  for  which  the 
patient  sought  relief.  Optic  atrophy  was  present  in  41%,  and  in 
more  than  half  of  these  there  was  total  or  almost  complete  blind¬ 
ness  in  one  eye,  with  deterioration  of  vision  in  the  other.  The 
yellowish  discoloration  of  the  disk,  really  pathognomonic  of  pitui¬ 
tary  disease,  was  recorded  in  35%^  of  the  cases.  The  authors  state 
that  the  surgery  of  the  pituitary  body,  as  practiced  today,  has  lim¬ 
itations,  proportionate  in  large  measure  to  the  duration  of  the 
lesion.  When  surgery  is  recognized  as  an  essential  factor  in  the 
treatment  of  the  pituitary  lesion  in  the  early  stage,  before  optic 
atrophy  is  advanced  and  before  the  terminal  stages  of  functional 
disorder  are  reached,  there  will  be  a  decided  improvement  in  the 
operative  results  and  a  lower  mortality.  The  surgeon  has  been 
handicapped  because  he  has  been  confronted  so  often  with  terminal 
effects. 
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Pituitary  ubesily  aiul  adolescence.  Gardiner-Hitl  (H.),  Jones  (I.), 
&  Forrest-Sinith  (J.),  Quart.  J.  Med.  (Oxford),  1925,  18,  309-326. 

This  paper  is  based  upon  a  study  of  60  patients  (22  males  and 
38  females,  of  ages  from  8  to  20  years)  in  whom  the  onset  of 
obesity  developed  concurrently  with  adolescence,  i.  e.,  with  a  period 
of  accelerated  growth.  There  were  no  neighborhood  symptoms  indi¬ 
cating  a  primary  lesion  in  the  pituitary,  hence  the  authors  con¬ 
sider  the  condition  the  result  of  disturbed  pituitary  function.  Apart 
from  the  obesity  the  chief  characteristic  of  these  patients  is  an 
early  tendency  to  overgrowth  and  premature  development,  which 
appears  to  be  due  to  hyperpituitarism  (anterior  lobe  hyperactivity). 
This  condition  finally  passes  into  hypopituitarism.  In  the  early 
stages  there  is  an  inability  to  use  carbohydrate;  in  the  later  stages, 
an  Increased  sugar  tolerance.  This  increased  tolerance  is  not  due 
so  much  to  increased  oxidation  of  carbohydrate,  but  to  an  increased 
power  of  storage.  It  is  suggested  that  this  may  in  some  way  be 
connected  with  a  hyperactivity  of  insulin,  which  is  no  longer  con¬ 
trolled  in  the  normal  manner  by  the  pituitary  hormone. — J.  P.  S. 

Hypophysis  and  Itaynaud's  disease  (Hypophyse  und  Kaynaudsche 
Krankheit).  Kopf  (H.),  Miinchen.  med.  Wchnschr.,  1925,  72, 
940. 

In  three  patients  with  Raynaud's  disease  Kopf  found  that  in¬ 
jections  of  hypophysin  (2  cc. )  resulted  in  almost  immediate  relief 
of  the  cyanosis.  After  a  few  days’  treatment  with  hypophysin, 
hypophysis  tablets  were  substituted  with  lasting  benefit. 

— R.  G.  H. 

The  accuracy  of  standardization  of  pituitary  pi'eparations  with  the 
isolated  uterus  (Ueber  die  Genauigkeit  dcr  I'Xchung  von  Hj-po- 
physcnpraparateti  am  i.solierten  Uterus).  Sawasaki  (H.),  Arch, 
f.  d.  ges.  Physiol.  (Berl.),  1925,  209,  137-169. 

Using  Dale  and  Laidlaw's  method  with  the  virgin  guinea-pig 
uterus,  as  modified  by  later  workers,  the  probable  error  is  about 
4.C«X-.  In  88%  of  cases  the  error  found  was  within  10%  and  in  120 
experiments  the  extreme  divergence  was  16%.  Usually  2  to  3  ani¬ 
mals  are  necessary  for  a  standardization.  With  Kochmann’s  method 
the  probable  error  is  about  8%,  and  the  greatest  error  found  in  38 
experiments  was  22.3%. — A.  T.  C. 

Keeearches  on  in.sulin.  I.  Is  insulin  an  unstable  sulphur  com- 
'•  pound?  Abel  (J.  J.)  &  Gelling  (E.  M.  K.),  J.  Pharmacol.  & 
Kxper.  Therap.  (Balt.),  1925,  2.1,  423-448. 

Crystalline  amino  acids,  protein-like  fractions  of  varying  sul¬ 
phur  content  and  lour  phosphorus  content,  and  protein-like  frac¬ 
tions  having  a  medium  or  relatively  low  sulphur  content  and  a 
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high  photsphorus  content  were  separated  from  iletin  (Lilly)  (8  and 
12  rabbit  units  per  milligram).  It  was  possible  completely  to  re¬ 
move  the  active  insulin  from  each  of  these  fractions  so  that  they 
no  longer  showed  a  trace  of  the  hormone.  In  the  course  of  the 
purification  the  insulin  rabbit  unitage  was  raised  from  8  to  12  to 
more  than  40.  It  was  shown  that  when  an  "insulin"  of  high  unit- 
age  is  boiled  for  a  short  time  with  N/10  NaCOj  the  resultant 
physiological  inactivation  is  always  associated  with  an  alteration 
in  the  linkage  of  a  part,  if  not  all,  of  the  sulphur  of  the  hormone. 
Ammonia  is  not  liberated  by  this  treatment.  Inert  fractions  con¬ 
tain  very  little  of  this  labile  sulphur,  and  in  all  fractions  the  con¬ 
tent  of  labile  sulphur,  more  especially  what  is  called  the  "sodium 
carbonate  sulphur,”  appears  to  be  directly  proportional  to  the 
degree  of  hypoglycemic  activity.  Phosphorus  was  not  found  to  be 
a  constituent  of  insulin. — G.  E.  B. 

Inactivation  and  rciictivatioii  of  insulin.  Allen  (R.  S.)  &  Murlin 
(J.  R.),  Proc.  Soc.  Exper.  Biol.  &  Med.  (N.  Y.).  192.'j,  492- 

493. 

Insulin  in  weak  hydrochloric  acid  can  be  inactivated  by  the 
hydrogen  liberated  when  the  acid  attacks  tinfoil  on  the  cork  of 
the  container.  Commercial  hydrogen  produces  the  same  result. 
Oxygen  reactivates  it.  A  chart  showing  results  of  such  procedures 
on  the  physiological  action  of  insulin  is  given.  It  shows  that  re¬ 
duced  insulin  may  raise  the  blood  sugar  level. — J.  C.  D. 

Note  on  the  relationship  between  insulin  and  trypsin.  Brand  (E. ), 
&  Sandberg  (.Marta),  Proc.  Soc.  Exper.  Biol.  &  Med.  (N.  Y.), 
192.".,  428-431. 

The  authors  conclude  that  insulin  combines  with  trypsin  not 
as  an  inhibitor  of  trypsin.  Trypsin  combining  with  insulin  inhibits 
the  action  of  the  latter,  at  first  reversibly  and  later  irreversibly, 
probably  by  digestion.  It  is  possible  that  further  study  of  the  nature 
of  the  insulin-enzyme  reaction  will  help  to  decide  whether  proteo¬ 
lytic  enzymes  can  act  without  the  formation  of  an  intermediate  com¬ 
pound  between  enzyme  and  substrate. — J.  C.  D. 

Blood  urea  and  its  estimation  in  diabetes  mellitus.  Brunton  (C.  E.  >, 
Quart.  J.  Med.  (Oxford),  1925,  18,  241-249. 

Brunton  studied  the  blood  urea  of  14  diabetic  patients,  using 
Twort  and  Archer’s  method.  No  relation  was  found  between  the 
amounts  of  blood  sugar  and  blood  urea.  The  administration  of 
insulin  did  not  alter  the  concentration  of  blood  urcfi-  The  duration 
of  diabetes  mellitus  does  not  necessarily  increase  the  concentration 
of  blood  urea.  Diabetic  coma  was  not  found  to  be  necessarily  accom¬ 
panied  by  an  abnormal  blood  urea  concentration. — J.  P.  S. 
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'Kfl'rat  of  insulin  nii  the  metabolism  of  do^s  under  amytal  anesthesia. 
Deuel  (H.  J.),  Chambers  (W.  H.)  &  Evengen  (J.),  Proc.  Soc. 
Exper.  Biol.  &  Med.  (N.  Y.),  1925,  22.  424-425. 

Amytal  produces  prolonged  anesthesia  when  injected  into  dogs. 
It  does  not  influence  the  blood  sugar.  Usually  there  is  increased 
heat  production  following  insulin,  suggesting  an  increased  fat  me¬ 
tabolism.  Sometimes  there  is  an  increase  in  the  respiratory  quo¬ 
tient.  The  blood  sugar  responds  as  it  would  in  unanesthetized  an¬ 
imals. — J.  C.  D. 

The  reactivation  of  inactivated  insulin  in  vitro  and  in  vivo.  Ep¬ 
stein  (A.  A.),  Proc.  Soc.  Exper.  Biol.  &  Med.  (N.  Y.),  1925,  22, 
422-423. 

Insulin  inactivated  by  trypsin  can  be  reactivatq^  in  vitro  by 
pepsin,  safranin  and  cryogenin  (M-Benzaminosemicarbazide).  The 
blood  of  rabbits  injected  with  one  of  these  substances  and  then 
immediately  injected  with  inactivated  insulin  shows  the  character¬ 
istic  effect  of  active  insulin.  These  substances  are,  therefore,  ef¬ 
fective  in  the  body  as  well  as  in  tbe  test  tube. — J.  C.  D. 

The  relation  of  infection  to  diabetic  coma.  Graham  (G.),  Quart.  J. 
Med.  (Oxford),  1925,  18.  294-299. 

On  the  basis  of  a  study  of  7  cases,  Graham  concludes  that  a 
general  or  local  infection  is  often  the  direct  cause  of  the  onset  of 
coma  in  a  patient  who  has  diabetes  mellitus.  In  the  presence  of 
such  an  infection  insulin  is  much  less  effective  in  lowering  the  blood 
sugar.--  .1.  P.  S. 

Glycogenolytic  action  of  insulin.  Muller  (E.  F.)  &  Petersen  (W. 
P.),  J.  Am.  M.  Ass.  (Chicago),  1925,  S.l,  820-823. 

The  authors  present  the  importance  of  knowing  how  insulin 
acts  when  introduced  into  the  mammalian  body  and  what  organs 
participate  in  the  increased  sugar  metabolism.  On  administering 
like  dosages  of  insulin  subcutaneously,  intravenously  and  Intra- 
dermally  it  was  found  that  after  2  hours  the  intradermally  injected 
insulin  exceeds  the  others  in  duration  and  intensity  of  effect.  The 
authors  theorize  to  the  effect  that  the  intradermal  injections  give 
“parasympathetic”  stimulation,  apparently  regarding  the  cu¬ 
taneous  afferent  fibers  as  belonging  to  the  parasympathetic  group. 

— R.  O,  H. 

Studic.H  on  the  ullralill ration  and  clet'trodial.v.sis  of  insulin  .solutions. 
Taylor  (T.  C.),  Braw-n  (C.  E.)  &  Scott  (E.  L.),  Proc.  Soc.  Exper. 
Biol.  &  Med.  (N.  Y.).  1925,  22.  453-454. 

Insulin  (Liliy)  when  subjected  to  electrophoresis  and  dialysis 
combined  is  separated  into  two  fractions,  one  of  which  has  100% 
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greater  physiological  activity  than  the  original  product.  A  crystal¬ 
line  precipitate  can  be  obtained  from  this. — J.  C.  D. 

Kxpt*rlmeiits  with  exliwts  of  parathyroid  glands.  Fisher  ( N.  F.  I 
&  Larson  (E. ),  Proc.  Soc.  Exper.  Biol.  &  Med.  (N.  Y.),  192.5,  2S, 
447-448. 

The  atithors  used  ox  gland  extract  and  injected  dogs  with  it. 
Their  results  agree  with  those  reported  by  Collip. — J.  C.  D. 

The  hormone  of  the  parathyroid  gland.  Hanson  (A.  M.),  Proc.  Soc. 
Exper.  Biol.  &  Med.  (N.  Y.),  192.5,  22,  560-561. 

This  gives  the  author’s  method  of  preparing  a  stable  extract 
of  the  gland  containing  the  active  principle  as  described  also  by 
Collip.— J.  C.  D. 

Pineal  precocity  (Die  epiphysare  Friihreife).  Oder  matt  (W.), 

Schweiz,  raed.  Wchnschr.  (Basel),  1925,  55,  474-478;  abst.,  Aia. 
J.  Uis.  Child.,  30,  4  26. 

The  author  gives  the  clinical  picture  of  a  boy,  aged  4  years, 
with  an  essentially  negative  family  and  past  history,  who  at  6 
months  revealed  considerable  adiposity,  the  first  appearance  of 
pubic  hair  and  a  generally  precocious  physical  development.  When 
at  18  months  he  began  to  talk  his  voice  was  deep.  At  time  of 
writing  he  had  the  appearance  of  a  boy  aged  14.  A  beard  is  com¬ 
mencing  to  make  its  appearance.  The  axillary  and  pubic  hair 
growth  Is  thick.  Both  testicles  are  slightly  but  symmetrically  en¬ 
larged.  The  breasts  reveal  no  glandular  development.  The  men¬ 
tal  status  is  that  of  a  6  or  7-year-old  child.  A  Binet-Simon  test 
by  Professor  Bing  shows  a  mental  age  of  6  years  4  months  and  an 
intelligence  quotient  of  148.  The  heart,  lungs,  abdomen,  urine, 
blood  and  Wassermann  examinations  were  negative;  the  roentgen 
ray  reveals  no  enlargement  in  the  neighborhood  of  the  adrenals. 
The  author  believes  the  case  to  be  due  to  a  disorder  of  the  pineal 
gland.  He  has  instituted  organotherapy. 

On  the  relation  of  thyroid  secretion  to  spi>ciiic  dynamic  action. 
Bauman  (E.  J.)  &  Hunt  (Louise),  .1.  Biol.  Chem.  (Balt.),  1925, 
«4,  709-720. 

The  specific  dynamic  action  of  glucose  was  determined  several 
times  in  10  normal  rabbits  and  at  various  intervals  after  thy¬ 
roidectomy  in  9  rabbits.  In  normal  rabbits  the  extra  heat  pro¬ 
duced  in  4  hours  at  intervals  from  %  to  4  M  hours  after  feeding 
25  gm.  glucose  averaged  about  5  calories.  Complete  thyroidectomy 
caused  a  gradual  decrease  and  final  disappearance  of  specific  dy¬ 
namic  action  after  about  65  days.  Restoration  of  specific  dynamic 
action  which  had  entirely  disappeared  following  thyroid  removal 
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was  accomplished  by  feeding  thyroid  gland.  Incomplete  thy¬ 
roidectomy  caused  a  decrease  of  specific  dynamic  action  which  was 
increased  in  some  cases  by  feeding  a  small  amount  of  potassium 
iodide. — Authors’  Abst. 

The  geographic  distribution  of  ovophtlialinic  goiter  in  the  Rritish 
Isles.  Campbell  (J.  M.  H.).  Quart.  .T.  Med.  (Oxford),  1925.  IK, 
191-223. 


This  paper  was  based  upon  a  .study  of  statistics  in  the  Registrar- 
General's  office  for  from  T  to  10  years.  In  general,  it  was  found  that 
exophthalmic  goiter  was  most  common  in  Cornwall,  Devon  and 
Somerset  and  least  frequent  in  the  densely  populated  districts, 
Flssex,  Middlesex  and  Hertford.  Morbidity  and  mortality  statistics 
were  higher  for  the  country  districts  than  for  the  towns.  Where 
exophthalmic  goiter  was  unduly  prevalent  the  birth  rate  was  often 
lower,  both  of  which  conditions  may  have  been  due  in  part  to  social 
and  industrial  factors. — .1.  P.  S. 

Pathology  of  cvophthuiniic  goiter — a  histological  and  chemical  study 
of  the  changes  fidlowing  the  adniiiii.stration  of  iodin  (liUgol's  solu¬ 
tion).  Cattell  (R.  B.).  Boston  M.  &  S.  J.,  192.'),  192,  989-996. 

The  report  is  based  on  careful  studies  of  168  surgical  specimens 
removed  from  125  subjects.  From  a  study  of  the  histology  and 
iodin  content  of  the  thyroid  glands  it  was  found  that  in  87.9%  of 
patients  with  exophthalmic  goiter  receiving  iodin  therapy,  there  was 
an  involutional  change  in  the  thyroid  gland;  6.7%  showed  an  in¬ 
creasing  hyperplasia.  There  was  an  increase  in  the  iodin  content  of 
all  glands  after  iodin  administration.  The  iodin  content  was  direct¬ 
ly  proportional  to  the  involutional  change,  up  to  a  certain  point. 
Similar  changes  followed  superior  pole  ligations  and  hemi-thyroid- 
ecioiny  together  with  rest,  but  it  was  most  marked  after  iodin  alone. 
The  clinical  improvement  after  iodin  administration  bore  a  relation 
to  this  structural  and  especially  chemical  change.  A  group  of 
patients  showed  marked  involutional  change  and  a  high  iodin  con¬ 
tent  in  their  glands,  yet  still  suffered  from  severe  exophthalmic 
goiter.  The  pathology  of  exophthalmic  goiter  was  not  constant; 
parenchymatous  hyperplasia  was  seen  superimposed  on  adenomata 
and  endemic  goiters.  T..ymphoid  infiltration  occurred  usually  and 
remained  to  some  degree  after  involution. — J.  C.  I>. 

inevitable  damage  consequent  upon  goiter,  ('oiler  ( F.  W.),  Boston 
M.  &  S.  J..  192*.,  l»;l.  .545-.5.50. 

A  discussion  without  quotation  of  experimental  or  clinical  data. 
The  author  concludes  that  endemic  goiter  is  composed  of  colloid 
and  adenomatous  elements.  In  early  life  the  colloid  element  pre¬ 
dominates;  after  25  the  adenomata  predominate.  These  changes 


4 


THYROID  r>27 

are  progressive  and  constant  and  in  time,  the  length  of  which  is  well 
*  stablished,  will  cause  the  appearance  of  symptoms.  Frank  hyper¬ 
thyroidism  caused  by  endemic  goiter  increases  in  frequency  from 
the  latter  part  of  the  third  decade  to  the  fifth  and  sixth  decades 
when  at  least  a  third  of  the  subjects  have  it.  Definite  cardiovascular 
damage  appears  in  at  least  a  fourth  of  those  with  hyperthyroidism 
and  in  a  smaller  but  appreciable  number  of  those  with  normal 
metabolic  rates.  Endemic  goiter  is  a  precancerous  lesion  with  an 
incidence  of  malignancy  of  at  least  3%.  Elndemic  goiter  causes 
many  mental  changes  of  a  minor  but  disabling  nature  and  in  those 
with  a  psychopathic  inheritance  may  excite  the  appearance  of  some 
mental  abnormalities.  The  progressive  nature  of  the  goiter  and 
the  appearance  of  symptoms  permits  an  attack  of  the  goiter  at  a 
time  when  medication  has  ceased  to  be  effective  and  when  the 
changes  begin  to  menace  the  health  of  the  patient.  The  surgical 
removal  of  the  adenomatous  goiter  at  this  time  prevents  the  ap¬ 
pearance  of  the  great  morbidity  otherwise  to  be  expected.  The 
removal  of  adenomatous  goiters  should  be  advised  on  diagnosis,  in 
patients  if  over  twenty-five  years. — J.  C.  D. 

Some  factors  of  significance  in  lulolescent  goiter.  Gardiner-Hill 
(H.),  Brett  ( P.  C.),  &  Forrest-Smith  (J.),  Quart.  J.  Med. 
(Oxford),  1925,  IS,  133-142. 

Of  100  cases  of  adolescent  goiter  79%  were  of  the  colloid  type, 
16%  exophthalmic,  3%  adenomatous,  and  2%  endemic.  In  colloid 
goiter  the  function  of  the  thyroid  was  apparently  normal  in  42% 
of  the  cases;  in  32%  there  was  evidence  of  hyperthyroidism,  and  in 
26%  evidence  of  hypothyroidism.  A  large  majority  of  these  pa¬ 
tients  were  above  the  normal  height  for  the  age;  those  with  hyper¬ 
thyroidism  were  below  weight  and  those  with  hypothyroidism ‘  were 
above  weight  normal  for  the  age.  Menstruation  was  normal  in 
about  one-half  of  the  patients  with  colloid  goiter;  but  delayed, 
irregular  and  scanty  in  hyperthyroidism;  and  excessive  in  hypo¬ 
thyroidism.  Menstruation  was  normal  in  one-fourth  of  the  cases 
of  exophthalmic  goiter;  in  the  remainder  it  was  frequently  absent. 
Estimations  of  basal  metabolism  corresponded  to  the  results  obtained 
in  adults  for  similar  conditions,  but  the  variations  from  normal 
were  not  so  great.  In  both  hyper-  and  hypo-thyroidism  there  was  a 
definite  delay  in  the  blood  sugar  curve,  though  hyperthyroidism 
produced  a  higher  blood-sugar  content _ J.  P.  S. 

f'arlMdiydrate  tolerance  in  iiiyxta'ileina.  Gardiner-Hill  (H.),  Brett 
(P.  C.).  &  Forrest-Smith  (J.),  Quart.  J.  Med.  (Oxford),  1925,  18, 
327-331. 

This  paper  records  the  findings  in  1 .5  well  marked  cases  of 
myxedema.  The  authors  conclude  that  severe  cases  of  exophthalmic 
goiter  tend  to  be  accompanied  by  high  and  prolonged  blood-sugar 
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curyeii  and  to  have  glycosuria.  Myxedematous  patients  also  give  a 
Mood-sugar  curve  which  is  higher  and  more  prolonged  than  in  nor- 
na^il  persons.  There  is  rarely  glycosuria,  and  it  is  suggested  that 
the  renal  threshold  is  raised  in  this  condition.  The  fasting  level  of 
blood  sugar  in  the  majority  of  cases  of  myxedema  is  within  normal 
limits.  No  relationship  between  length  of  history  of  symptoms, 
clinical  signs,  the  basal  metabolic  rate  and  the  carbohydrate  toler¬ 
ance  test  could  be  established.  Thyroid  extract  does  not  raise  the 
fasting  level  when  myxedematous  patients  are  treated;  its  general 
effect  is  to  lower  the  blood-sugar  and  to  quicken  the  curve.  The 
carbohydratectoleraaice.-test  is  not  so  efficient  a  method  of  controlling 
the  treatment  of  myxedematous  patients  as  the  determination  of  the 
basal  metabolic  rate. — J.  P.  S. 

In  irradiation  a  satiNfactory  treatment  fur  substenial  tliyroid? 

Grier  (G.  W.),  Am.  J.  Roentgenol.  (N.  Y.),  1925,  13,  327-330; 

abst.,  J.  Radiol.,  O,  341. 

The  difference  between  intrathoracic  and  cervical  goiters  is 
the  great  Importance  of  size  in  the  intrathoracic  type,  Here,  due 
to  the  compactness  of  the  anatomical  structures  in  this  region, 
any  increase  in  the  size  of  any  one  of  the  many  structures  im¬ 
pinges  upon  the  neighboring  structures  and  results  in  a  complex 
of  variable  symptoms.  A  hypertrophied  goiter,  however,  results 
not  only  in  the  production  of  these  pressure  symptoms,  but  also 
produces  the  hyperthyroid  manifestations.  The  question  arises: 
should  one  expect  the  relief  of  such  symptoms  from  irradiation 
treatment?  Much  depends  upon  the  type  of  goiter  present.  Most 
intrathoracic  goiters  are  undoubtedly  adenomatous,  a  few  are  cystic, 
a  few  are  colloid  and  a  few  are  of  the  exophthalmic  type.  The 
symptoms  presented  can  usually  determine  the  type  with  which 
one  is  dealing.  Colloid  and  cystic  goiters  are  entirely  unaffected 
by  irradiation.  The  acute  exophthalmic  type  shows  the  greatest 
reduction  in  the  size  of  all  goiters.  Adenomata  are  sometimes 
markedly  reduced  in  size  and  other  cases  seem  apparently  unin¬ 
fluenced  in  this  respect.  It  is,  therefore,  important  to  determine 
the  type  of  goiter  present.  While  Irradiation  offers  no  particular 
danger  in  the  application  of  the  treatment,  the  chances  for  com¬ 
plete  and  permanent  recovery  are  obviously  not  so  good  as  in  cases 
in  which  the  mass  can  be  removed.  The  real  problem,  then.  Is 
whether  operation  can  be  successfully  performed  without  risk  to 
the  patient.  If,  after  careful  examination  of  the  patient  and  a 
study  of  the  location  and  extent  of  the  tumor,  the  internist  and 
surgeon  decide  this  question  in  the  affirmative,  the  author  believes 
that  surgery  is  the  treatment  of  choice.  If  not,  irradiation  offers 
a  probability  of  relief  from  symptoms  in  a  majority  of  cases.  Grier 
lielieves  that  with  the  more  common  use  of  deep  therapy  technique 
in  these  cases  the  results  will  be  much  better  than  in  the  past. 
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Incipient' hy||i»tb.vroidiMiii.  A  clinical  study.  Higgins  (\V.  H.),  J. 
Am.  M.  Ass.  (Chicago),  1925,  iW,  1015-1017. 

A  study  was  made  of  the  histories  of  the  23  patients  with 
basal  metabolism  ranging  from  11%  to  25%  below  normal.  The 
data  indicate  that  incipient  hypothyroidism  is  represented  by  a 
clinical  syndrome  largely  distinctive  from  true  myxedema.  In  ad¬ 
dition  to  a  moderate  degree  of  dryness  of  the  hair  and  skin,  neu¬ 
roses  of  various  types  and  vague  unclassiflable  pains  constitute  the 
most  frequent  complaints.  Obesity  is  relatively  uncommon,  and 
actual  underweight  is  not  infrequently  found  in  the  mild  hypo¬ 
thyroid  states.  Incipient  hypothyroidism  is  more  frequently  found 
near  the  menopause  and  apparently  bears  some  relation  to  the 
activity  of  the  ovaries. — R.  O.  H. 

F.xophthulmlc  goiter  (Graves'  syiidruiiie)  and  involuntary  nervous 
system.  Hyman  (H.  T.),  &  Kessel  (L.),  J.  Am.  M.  Ass.  (Chicago), 
1925,  85,  1017-1022;  abst.,  A.  M.  A. 

The  belief  is  held  by  Hyman  and  Kessel  that  exophthalmic 
goiter  is  a  complicated  disease,  based  on  a  disturbance  in  the  invol¬ 
untary  nervous  system,  activated  by  many  sympathomimetic  factors 
of  which  infection  and  psychic  trauma  are  examples,  and  super- 
activated,  so  that  there  is  produced  a  metabolic  upset  whose  origin 
is  obscure — which  may  be  thyrogenic,  but  which  probably  is  not. 
An  understanding  of  the  steps  in  the  development  of  the  disease 
may  serve  to  facilitate  the  study,  to  evolve  new  therapeutic  pro¬ 
cedures  and  to  evaluate  the  old.  The  therapeutic  desideratum  is  not 
yet  approached,  and  should  strike  back,  not  at  the  cause  of  the 
metabolic  upset,  but  at  the  sympathomimetic  influences  that  are  at 
the  very  basis  of  this  and  allied  disorders. 

The  secretion  antecedents  and  mitochondria  in  pathologic  thyroids. 
Key  (J.  A.),  Arch.  Surg.,  1925,  11,  254-303, 

The  literature  on  secretion  antecedents  and  mitochondria  in 
the  thyroid  Is  reviewed.  Normal  thyroids  from  man  and  labora¬ 
tory  animals  and  65  pathological  human  thyroids  were  studied. 
The  histology  of  the  normal  human  thyroid  is  given.  Chromophobe 
and  chromophile  secretion  antecedents  are  described  as  being  pres¬ 
ent  in  normal  and  pathological  thyroids.  The  chromophobe  secre¬ 
tion  is  represented  in  sections  by  clear  vacuoles  in  the  cells  and  in 
the  colloid  of  the  follicles.  The  chromophile  secretion  is  repre¬ 
sented  by  small  intracellular  granules  which  take  various  stains. 
Both  are  present  in  very  small  amounts  in  the  cells  of  the  normal 
gland,  and  only  an  occasional  cell  contains  either  a  vacuole  or  a 
granule.  The  mode  of  secretion  is  believed  to  be  as  follows: 
Chromophobe  vacuoles  and  chromophile  granules  are  formed  in 
the  cells  lining  the  follicles  and  are  secreted  into  the  follicles,  in 
the  follicle  the  chromophile  granules  are  dissolved  in  the  fluid  of 
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the  chromophobe  vacuoles  and  the  colloid  is  a  mixture  of  the  two. 
The  secretion  reaches  the  blood  by  passing  back  between  the  cells. 
The  interstitial  cells  have  the  same  function  as  do  the  cells  of  the 
follicles.  Their  secretion  is  not  stored  as  colloid.  The  chromo¬ 
phobe  secretion  was  increased  in  all  hyperactive  glands  studied, 
and  it  is  believed  that  it  contains  the  active  principle  of  the  gland. 
The  chromophile  secretion  varied  independently  of  the  activity 
of  the  gland,  and  it  is  believed  that  it  does  not  contain  the  active 
principle  of  the  gland,  but  acts  as  a  medium  for  concentrating  the 
active  principle  and  storing  it  as  colloid. 

The  mitochondria  were  increased  in  all  hyperactive  glands 
studied,  but  were  also  increased  in  certain  areas  of  non-toxic 
adenomas.  The  increase  in  mitochondria  bore  no  constant  rela¬ 
tion  to  the  activity  of  the  glands  as  indicated  by  the  basal  metab¬ 
olism.  It  is  believed  that  the  mitochondria  do  not  produce  the 
secretion  antecedents  directly,  but  that  they  have  some  function 
in  the  general  metabolism  of  protoplasm  and  are  not  responsible 
for  the  specific  activities  of  the  cells  which  contain  them.  No  ab¬ 
normal  secretory  antecedents  were  demonstrable  in  either  toxic 
adenomas  or  exophthalmic  goiters.  In  all  of  the  glands  studied 
an  attempt  was  made  to  estimate  the  amount  of  stroma,  amount 
of  parenchyma,  amount  of  colloid,  density  of  colloid,  vacuoles  in 
the  colloid,  size  of  cells,  mitochondria  in  cells,  chromophobe  secre¬ 
tion  in  cells  and  chromophile  secretion  in  the  cells. 

— Author's  .\hst. 

Tse  of  iodine  in  goiter.  I.ahey  ( F.  H.).  Boston  M.  &  S.  J.,  192.5, 
19.1.  487-490. 

This  paper  is  based  on  the  same  studies  as  CattelTs  (abst.  in 
this  issue).  Proper  administration  of  Lugol’s  solution  increased 
the  percentage  of  cases  in  which  thyroidectomy  can  be  performed 
in  a  single  stage.  The  amount  of  thyroid  left  in  place  at  operation 
should  be  greater  than  in  patients  not  treated  with  iodine,  for 
involution  of  the  gland  takes  place  and  the  thyroid  tissue  in  iodine- 
treated  patients  is  not  so  active  as  in  the  untreated. — .T.  C.  D. 

Insulin  in  treatment  of  hyperthyroidism.  Puchulu  ( F. ) ,  Rev.  Soc. 
med.  int.  (Buenos  Aires),  1925,  6,  140-164;  abst.,  J.  Am.  M. 
Ass.,  a5,  1098. 

Puchulu  states  that  treatment  with  a  or  10  units  of  insulin 
had  a  favorable  influence  on  the  general  condition;  the  w'eight  in¬ 
creased  and  the  patients  became  more  tranquil,  but  the  vegetative 
functions,  the  pulse,  the  systolic  blood  pressure,  the  glycemia,  basal 
metabolism  and  menstruation  did  not  seem  to  be  influenced  by 
the  insulin.  In  the  discussion,  Waldorp  mentioned  a  case  of  ex¬ 
ophthalmic  goiter  with  material  improvement  under  insiflin  treat¬ 
ment. 
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insulin  treatuieiit  of  exophthalniit*  goiter.  Senga  (H.),  J.  Orient. 

Med.  (Dairen,  S.  Manchuria),  1925,  3,  62;  abst.,  J.  Am.  M. 

Ass.,  85,  1007. 

Three  cases  of  exophthalmic  goiter  were  treated  with  insulin 
by  Senga  with  good  results.  Remarkable  improvement  was  ob¬ 
served;  the  basal  metabolic  rate  diminished;  the  body  weight  in¬ 
creased  and  the  general  nervousness  and  tremor  of  the  patients 
subsided.  Although  the  lessening  of  struma  and  exophthalmos 
was  but  slight,  the  general  feeling  of  the  patient  appeared  to  be 
much  better  in  every  way. 

Nutritional  changes  in  exophthalmic  goiter.  Sturgis  (C.  C.),  & 

Greene  (J.  A.),  Arch.  Int.  Med.  (Chicago),  1925,  36,  561-578. 

The  relation  between  the  food  intake,  basal  metabolism  and 
body  weight  in  patients  with  exophthalmic  goiter  has  been  empha¬ 
sized.  From  our  present  observations,  which  are  in  accord  with 
those  made  previously,  it  is  concluded  that  in  order  to  maintain 
body  weight  while  resting  in  bed  the  food  intake  in  a  patient  with 
exophthalmic  goiter  and  an  elevated  metabolism  must  be  at  least 
from  75%  to  100%  greater  than  the  basal  metabolism.  A  study 
of  the  histories  of  65  patients  with  exophthalmic  goiter  indicated 
that  although  88.5%  of  them  had  an  appetite  which  was  classified 
as  ravenous,  increased  or  normal,  yet  86.5%  of  these  patients  gave 
a  history  of  a  loss  of  11.9  kg.  (26.3  pounds)  of  body  weight  in 
11.9  months.  A  comparison  of  the  body  weight  of  these  65  pa¬ 
tients  with  the  standard  weight  tables  shows  that  80.2%  averaged 
18.2%  below  normal  when  they  first  appeared  at  the  hospital.  A 
study  of  the  alteration  in  body  weight  following  operation  in  36 
patients  who  had  not  been  treated  with  Lugol's  solution  and  there¬ 
fore  were  operated  on  with  an  elevated  metabolism,  averaging  plus 
39,  showed  that  all  except  one,  in  whom  the  weight  was  unchanged, 
lost  an  average  of  5.2%  of  their  preoperative  body  weight  in  an 
average  of  11  days  after  the  operation.  The  factors  responsible  for 
this  loss  of  weight  might  be  several,  but  it  was  concluded  that  the 
most  important  was  the  combination  of  the  inability  of  the  patient 
to  consume  normal  quantities  of  food  and  the  elevated  metabolism, 
which  may  remain  high  for  a  period  of  10  days  or  longer  following 
thyroidectomy.  A  second  group  of  28  patients,  who  had  been 
treated  with  Lugol’s  solution  and  in  whom  the  metabolism  was 
reduced  to  an  average  of  plus  21  before  the  operation,  was  studied. 
In  these  patients,  18%  had  actually  gained  weight  by  the  tenth  post¬ 
operative  day,  and  the  loss  of  weight  for  the  entire  group  averaged 
only  2%.  This  loss  is  even  less  than  the  average  decrease  in  body 
weight  following  operation  in  a  group  of  25  patients  with  colloid 
goiters  and  nontoxic  adenomas. — Authors’  summary. 
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l*byKical>choiuicul  chuiif;t«  of  the  blood  in  thyroldectomized  guinea 
pigs.  Wllhelmj  (C.  M.)  &  Flelsher  (M.  S.),  Proc.  Soc.  Exper. 
Uiol.  &  Med.  (N.  Y.),  1925,  22,  478-480. 

In  thyroldectomized  animals  there  is  an  increased  surface 
tension  of  the  blood  plasma.  There  is  marked  individual  varia¬ 
tion  but  on  the  average  it  is  noticeable  on  the  eighteenth  day  and 
reaches  a  maximum  between  the  twenty-second  to  the  twenty- 
eighth  day.  The  maximum  increase  varies  from  6.1  to  5.7  dynes. 
There  seems  to  be  an  increase  in  the  viscosity  of  the  plasiha. 

—3.  C.  D. 
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